AD-  752  601 

i 

i 

MONTANA  LARGE  APERTURE  SEISMIC  ARRAY 

i 

'  l 

Robert  E.  Matkins 

•  1  j 

I  ’  ■ 

Philco-Ford  Corporation  ,  .  : 


Prepared  for: 

Advanced  Research  Projects  Agency 
1  5  Septembe  r  1972 


} 

I 

1  5 

,  ’  I 


'  DISTRIBUTED  BY: 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 

5285  Port  Royal  Road,  Springfield  VP.  22151 


i 


1 


i 


1 


'  I)  75  26  0 1 


Technical  Report  2056-72-24 


MONTANA  LARGE  APERTURE  SEISMIC  ARRAY 
THIRD  QUARTERLY  TECHNICAL  REPORT,  PROJECT  VT 
CONTRACT  F33657-72-C-0390 
1  JUNE  1972  -  31  August  1972 
15  September  1972 


SPONSORED  BY 

ADVANCED  RESEARCH  PROJECTS  AGENCY 
NUCLEAR  MONITORING  RESEARCH  OFFICE 
ARPA  ORDER  NO.  1620 


NOTICE 

Approved  lor  Public  Release. 
Distribution  Unlimited 


Reproduced  by 


NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

U  S  Department  of  Commerce 
Springfield  VA  22151 


/}  *T 


■  7  Li 


PHILCO-FORD 

/IMUNI  CATIONS  &  TECHNICAL  SERVICES 
DEFENSE  SYSTEM  SUPPORT  ACTIVITY 
214  North  30th  Street 
nnifmrs  Montana 


UNCLASSIFIED 


^^^^Sjcurity  ^ um^ — — — mm^ — mm^m M w « worm— 

'  DOCUMENT  CONTROL  DATA  -  R  &  D 

CSccurftr  eloitllleollon  ol  title,  Wrfy  ol  obtlrocl  end  IndfXlnt  to  no  lotion  mutt  bt  tnltrtd  whtn  Iht  over til  ftps tt  It  elottlll*dJ_ 
1.  ORIGINATING  ACTIVITY  fCofpoMla  tuthot)  "BF0*T  »«CURITY  CLASSIFICATION 

Phllco-Ford  Corporation  UNCLASSIFIED 

Communications  and  Technical  Services  Div .  lab.  croup  ^ 

214  North  30th,  BiHingt,  Montano  59101 _ _ _ 


S  RKRONT  TITLE 

THIRD  QUARTERLY  TECHNICAL  REPORT 
MONTANA  LARGE  APERTURE  SEISMIC  ARRAY 


4.  descriptive  notes  ( Typ t  ol  report  and  Inelutlrt  dotoo) 

Technical,  1  July  1972  -  31  August  1972 


B*  AUTHQRI9I  nmm a,  m  id  dim  initial,  iaat  nmtna) 


Robert  E.  Matkins 


«.  REPORT  DATE 

15  September  1972  _ 


SF.  CONTRACT  OR  OPANT  NO. 

F33657-72-C-0390 

b.  PROJECT  NO. 

VELA  T/2708 

ARPA  Order  No.  1620 
<*•  ARPA  Program  Code  No .  2F10 

10.  DIBTRIBUTION  STATEMENT 


?«.  TOTAL  NO.  OF  PAGES 

90 


iSa.  ORIGINATOR'S  REPORT  NUMEER(S) 


2056-72-24 


1b.  NO.  OF  REFS 


Isb.  other  REPORT  NOISI  'Any  other  numbara  dial  may  bo  ootltnod 
l  hit  roper  I) 


Approved  for  Public  Release.  Distribution  unlimited. 


U.  BUPPLEMENTARY  NOTES 


IS.  ABSTRACT 


12.  SPONSORING  MILITARY  ACTIVITY 

Advanced  Research  Projects  Agency 
Nuclear  Monitoring  Research  Office 
Arlington,  Va . 


This  report  relates  to  the  technical  activity  associated  with  the  oper¬ 
ation,  maintenance,  and  improvement  of  the  Montana  Large  Aperture 
Seismic  Array  (LASA)  during  the  period  1  June  -  31  August  1972.  The 
short-period  (SP)  and  long-period  ( jP)  seismograph  sensitivity  per¬ 
formance  statistics  are  indicated.  Performance  data  on  the  SP  seis¬ 
mometer  and  LP  seismic  amplifier  are  presented.  Initiation  of  an 
array  surficial  noise  study  is  discussed.  Improvement  of  the  operating 
efficiency  of  the  PDP-7  computers'  on-line  system  program  is  described. 
Progress  with  the  installation  of  the  SP  channel  CTH  gain  control 
nodification  is  reported.  Statistics  relating  to  the  operation  and 
maintenance  of  the  array  and  data  center  equipment  and  land  facilitie  ; 
support  are  provided. 


DD  ;r..1473 


UNCLASSIFIED 

Security  Classification 


UNCLASSIFIED 

Sscurlty  Clsssiflcstlon 


KEY  WORDS 


LASA  -  Large  aperture  Seismic  Array 
Seismic  Array 

Seismic  Observatory  Operation 
Seismic  Measurement  Channel  Performanc 
Seismometers 
Seismic  Amplifiers 


MONTANA  LARGE  APERTURE  SEISMIC  ARRAY 
THIRD  QUARTERLY  TECHNICAL  REPORT 

15  September  1972 


,  IDENTIFICATION 

AFTAC  Project  No.:  VELA  T/2708 

Project  Title;  Montana  Large  Aperture  Seismic  Array 

AJRPA  Order  No.:  1620 

ARPA  Program  Code  No.:  2F10 

Philco-Ford  Corporation 

Contract  No.:  F33657-72-C-0390 

Effective  Date:  1  December  1971 

Amount  of  Contract:  $1,200,627.00 

Contract  Expiration  Date:  30  June  1973 

Project  Manager:  B.  G.  Herrin,  Phone  No.  (406)245-6332 


NOTICE 

Approved  for  Public  Release.  Distribution  Unlimited 


AVAILABILITY 

Qualified  users  may  request  copies  of  this  document  from: 
Defense  Documentation  Center,  Cameron  Station,  Alexandria,  Va. 


ACKNOWLEDGEMENT 


This  research  was  supported  by  the  Advancea  Research 
Projects  Agency,  Nuclear  Monitoring  Research  Office,  under  Project 
VELA-UNIFORM,  and  accomplished  under  the  technical  direction  of 
the  Air  Force  Technical  Applications  Center  under  Contract  No. 
F33657-72-C-0390 . 

Neither  the  Advanced  Research  Projects  Agency  nor  the 
Air  Force  Technical  Applications  Center  will  be  responsible  for 
information  contained  herein  which  has  been  supplied  by  other 
organizations  or  contractors,  and  this  document  is  subject  to 
later  revision  as  may  be  necessary.  The  views  and  conclusions 
presented  are  tnose  of  the  authors  and  should  not  be  interpreted 
as  necessarily  representing  the  official  policies,  either 
expressed  or  implied,  of  the  Advanced  Research  Projects  Agency, 
the  Air  Force  Technical  Applications  Center,  or  the  US  Government. 


ABSTRACT 


This  report  relr  tes  the  technical  activity  associated 
with  the  operation,  maintenance,  and  improvement  of  the  Montana 
Large  Aperture  Seismic  Array  (LASA)  during  the  period  1  June  - 
31  August  1972.  The  short-period  (SP)  and  long-period  (LP)  seis¬ 
mograph  sensitivity  performance  statistics  are  indicated.  Per¬ 
formance  data  on  the  SP  seismometer  and  LP  seismic  amplifier  are 
presented.  Initiation  of  an  array  surficial  noise  study  is  dis¬ 
cussed.  Improvement  of  the  operating  efficiency  of  the  PDP-7  com¬ 
puter's  on-line  system  program  is  described.  Progress  with  the 
installation  of  the  SP  channel  CTH  gain  control  modification  is 
reported.  Statistics  relating  to  the  operation  and  maintenance 
of  the  array  and  data  center  equipment  and  land  facilities  sup¬ 
port  are  provided. 
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INTRODUCTION 


This  report  presents  the  accomplishments  and  adminis¬ 
tration  of  Contract  Number  F33657- 72-C-0390 .  This  contract  between 
the  Philco-Ford  Corporation  and  AFSC  Aeronautical  Systems  Division 
is  for  continued  operation,  research,  and  development  of  the 
Montana  Large  Aperture  Seismic  Array  (LASA) . 

The  LASA  is  part  of  the  Vela  Uniform  Program  which  is 
sponsored  by  the  Advanced  Research  Projects  Agency  (ARPA)  of  the 
Department  of  Defense.  LASA  is  an  experimental  system  consisting 
of  many  seismometers  installed  near  Miles  City,  Montana,  (Figure 
1.1)  used  for  the  development  of  appropriate  methods  for  the 
detection  and  identification  of  seismic  events.  Initially,  the 
detection,  location,  and  identification  of  seismic  data  were  per¬ 
formed  at  the  LASA  Data  Center  (LDC)  located  at  Billings,  Montana. 
However,  subsequent  to  implementation  of  the  Integrated  Seismic 
Research  Signal  Processing  System  (IRSPS) ,  the  array  data  is  now 
transmitted  to  the  Seismic  Array  Analysis  Center  (SAAC)  in 
Alexandria,  Va.,  for  processing  and  analysis. 

1.1  History 

The  LASA,  installed  in  Eastern  Montana  during  1964  and 
1965,  is  used  for  experiments  in  advanced  seismological  detection 
and  discrimination.  The  initial  installation,  composed  of  21  sub¬ 
arrays  geometrically  placed  at  a  diameter  of  200  kilometers  with 
525  short-period  and  63  long-period  seismometers,  has  evolved  into 
the  present  array  with  the  original  21  subarrays  reduced  to  346 
short-period  seismometers  and  51  long-period  seismometers. 

Philco-Ford ' s  participation  in  the  Montana  LASA  began  in 
1964  by  providing  MIT  Lincoln  Laboratory  with  field  engineering 
assistance.  In  June  1966,  Philco-Ford  assumed  operational  and 
maintenance  responsibilities  for  MIT  Lincoln  Laboratory.  On 
1  May  1968,  the  project  direction  was  transferred  to  the  Electronics 
Systems  Division,  AFSC,  with  prime  contracts  to  Philco-Ford  through 
30  November  197C. 

On  1  December  1970,  technical  direction  of  the  Montana 
LASA  was  assigned  to  the  Vela  Seismological  Center  (VSC) .  Under 
Projects  V/T  1708  and  V/T  2708  Philco-Ford  continues  the  work  of 
previous  Montana  LASA  projects.  This  work  basically  involves  the 
continued  operation  and  maintenance  of  the  array  and  data  center 
systems,  logistics  and  administrative  support,  data  provision,  and 
hardware  evaluation  and  installation. 
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figure  1.1  Mrjnt 


The  LASA  with  an  overall  diameter  of  200  kilometers 
(124  miles)  is  composed  of  21  subarrays  arranged  as  shown  in 
Figure  1.1.  With  the  exception  of  subarray  E3  which  is  19  km  in 
diameter,  all  subarrays  are  7  km  in  diameter.  Subarray  E3  is 
configured  with  25  short-period  seismometers  while  others  now  have 
16.  All  subarrays  originally  were  designed  with  25  seismometers 
each,  however,  programmed  sensor  removal  has  now  lowered  this  num¬ 
ber  to  16  except  at  E3 .  The  short-period  seismometers  are  located 
along  six  radial  cables  which  terminate  in  a  central  under-ground 
vault  containing  the  Subarray  Electronics  Module  (SEM) .  The  sub¬ 
arrays  also  contain  three-component  long-period  sensors,  and  weather 
sensors.  Figure  1.2  shows  the  present  configuration  of  each  sub¬ 
array  . 


The  LDC  controls  the  array  operation  by  sending  a  command 
signal  to  each  SEM  at  a  rate  of  twenty  times  each  second  to  cause 
sampling  of  the  subarray  signals.  This  command  signal  is  suitably 
delayed  at  the  LDC  prior  to  transmission  so  that  data  from  all 
SEM's  will  arrive  at  the  LDC  within  predetermined  time  intervals. 

The  SEM  responds  to  LDC  timing  system  control  signals 
with  signal  sampling,  conversion,  and  transmission  of  all  data  to 
the  LDC.  Flexibility  exists  within  the  array  in  that  the  SEM  can 
accomodate  as  many  as  30  signal  inputs;  currently,  signals  from 
short  and  long-period  seismometers,  weather  sensing  equipment,  and 
other  measured  parameters  are  telemetered.  Signals  from  the  21 
SEM's  are  transmitted  to  microwave  junction  points  by  open  wire 
lines  at  a  19.2  kilobaud  rate;  from  these  points  they  are  sent  to 
the  LDC  by  microwave  radio  facilities.  At  the  LDC  the  data  are 
processed  and  reformatted  for  transmission  over  a  50  kilobaud  chan¬ 
nel  to  SAAC.  The  LDC  also  contains  the  array  timing  and  maintenance 
monitoring  equipment.  By  means  of  telemetry  commands,  signal 
sources  at  the  subarray  are  controlled  to  provide  equipment  cali¬ 
brations  and  verify  equipment  performance. 

The  different  LASA  seismographs  operating  parameters  and 
tolerances  are  identified  in  Tables  I  and  II.  Figure  1.3  shows 
the  five  different  seismograph  responses  available. 


3 


1  A  * 


P>  Notes 

1.  SP  Sensors  removed  from  leg  1  because  of  access  difficulties 

2.  0  denotes  near  surface  SP  sensors 

3.  Expanded  subarray,  18  km  diameter 

4.  SP  sensor  inoperative  and  lost  in  cased  hole 

All  degrees  shown  are  orientations  with  respect  to  true  north. 
The  letters  LP,  M,  and  W  uenote  long  period  seismic,  microbaro¬ 
graph,  and  weather  sensors  installed  at  the  center  of  the  sub¬ 
array.  Microbarograph  data  was  rot  available  for  transmission 
to  SAAC  after  March  24,  1972. 

Figure  1.2  LASA  Subarray  Configurations 
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LASA  SEISMOGRAPH  OPERATING  PARAMETERS  AND  TOLERANCES 


Channel  Sensitivity 


TABLE  li 

LASA  SEISMOGRAPH  CHANNEL  I  DENT! FI  CAT  x  ON 


SP  Sensitivities  in  mV/nm 


Period  (in  sec  ' 


Figure  1 


.  > 


LASA  Seismographs  Response  Curves 


LP  Sensitivity  in  mV/jura 


SECTION  II 


SUMMARY 


The  array  operation,  maintenance,  and  system  improvement 
activities  at  the  Montana  LASA  continue  to  be  directed  towards 
achieving  efficient  seismic  array  operation.  Operations  support 
provided  to  SAAC  via  the  LDC  computers  totaled  96.2%  for  on-line 
data  transmission  and  3.8%  for  back-up  recording  during  this  per¬ 
iod;  for  the  contract  the  percentages  are  94.6  and  5.4  respectively. 

The  results  of  the  array  monitoring  and  remote  calibra¬ 
tions  performed  indicate  the  continued  improvement  over  past  per¬ 
formance  and  the  previously  predicted  seasonal  variations.  The 
array  seismograph  channel  sensitivities  averaged  over  the  92-day 
period  were  20.1  mV/nm  at  Is  and  339.5  mV//im  at  25s  for  the  short 
and  long-period  channels  respectively.  The  effort  to  improve  the 
natural  frequency  variation  among  the  SP  seismometers  with  a  pro¬ 
gram  of  field  measu  erncnts  and  instrument  replacements  has  in¬ 
creased  the  percentage  of  natural  frequencies  within  t.he  ±10%  tol¬ 
erance  from  66  to  80%  of  the  191  sensors  tested  to  date. 

Programming  changes  have  been  made  to  the  PDP-7  computer's 
Multiple  On-line  Processing  System  (MOPS)  to  increase  the  core 
memory  available  for  the  patch  overlay  programs  used  for  semi¬ 
automatic  array  maintenance  and  monitoring.  New  array  data  re¬ 
cording  formats  have  been  prepared  for  the  low-rate  and  very-low- 
rate  recording  modes  available  at  the  LASA  Data  Center. 

Maintenance  activity  consisted  primarily  of  SP  subarray 
rehabilitation,  installation  of  SP  channel  CTH  gain  control  modi¬ 
fications,  and  PDP-7  tape  unit  repairs. 
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SECTION  III 


OPERATION 


3.1  General 


Array  operation  is  performed  to  provide  data  continuously 
from  the  array  sensing  and  data  acquisition  systems  to  the  LDC, 
to  provide  data  on-line  from  the  LDC  to  the  SAAC,  and  to  provide 
data  recording  in  the  event  data  transmission  to  SAAC  is  interrupted 

3.2  Data  Center 


The  LASA  Data  Center  (LDC)  contains  the  equipment  neces¬ 
sary  to  process  the  seismic  array  data  either  for  transmission  to 
SAAC  or  for  recording  locally.  The  activities  in  support  of  the 
LASAPS  and  other  data  center  systems  include:  (1)  IBM  360/44  com¬ 
puter  operation  on-line  to  SAAC,  (2)  PDP-7  computer  operation  to 
record  array  data  in  back-up  of  the  360  computer  and  to  perform 
array  monitoring,  automatic  calibrations,  and  off-line  processing 
of  array  performance  information,  (3)  maintenance  display  console 
operation  for  test  and  diagnosis  of  array  equipment  performance, 

(4)  tape  and  film  library  operation  for  storage,  handling,  and 
shipment  of  array  data  recordings,  (5)  Deveiocorder  operation  for 
continuous  recording  of  selected  sensor  channels  for  the  Seismic 
Data  Laboratory  (SDL)  and  array  quality  control  testing  and  analysis, 
and  (6)  telemetry  link  operation  for  continuous  on-line  data 
transmission  of  selected  seismograph  channels  to  MIT  for  data 
analysis . 

3.2.1  SAAC/LDC  Systems 


Operation  of  the  real-time  data  link  between  the  SAAC  and 
LDC  so  that  a  maximum  amount  of  useful  seismic  di>.ta  from  the  Montana 
array  reaches  SAAC  for  anaxysis  is  one  of  the  main  goals  of  our 
data  center's  operation.  Monitoring  of  the  SAAC/LDC  operation 
during  this  quarterly  period  produced  the  operational  statistics  in 
Table  III.  Three  operational  modes  which  cause  the  outages  shown 
are:  (1)  the  SAAC  computers  are  not  available  for  LASAPS  data 

acquisition,  (2)  the  LDC  Model  44  computer  is  not  available  for 
processing  LASAPS  data,  and  (3)  the  wideband  communications  channel 
between  the  LDC  and  SAAC  is  not  in  operation.  These  outage  times 
are  covered  with  digital  recordings  of  the  LASA  data  by  the  PDP-7 
computer;  however,  no  real  time  data  is  available  at  SAAC.  Periods 
in  which  LASAPS  data  was  not  used  in  the  IRSPS  operation  at  SAAC 
totaled  84.7  hours  so  that  for  96.16%  of  this  reporting  period 
the  SAAC/LDC  systems  operated  together.  The  wideband  data  link 
between  the  two  centers  was  inoperative  33. C  hours  or  1.49%  of  the 
period . 

Preceding  page  blank 
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TABLE  III 

SAAC/LDC  SYSTEM  OPERATING  TIMES 
June  72  -  August  72 


JUNE 

JULY 

I  AUG. 

TOTAL 

SAAC  8c  LDC  360  On-Line 

684.1 

726.6 

712.6 

2123.3 

SAAC  Off-Line,  LDC  360  Running 

PDP-7  Recording 

360  Training 

SAAC  Up,  LDC  360  Down, 

PDP-7  Recording 

16.3 

.0 

13.1 

.0 

13.4 

.0 

42.8 

.0 

Scheduled 

Unscheduled 

2.9 

.3 

1.5 

.9 

3.1 

.2 

7.5 

1.4 

SAAC  Up,  Other  Equipment 

Down,  PDP-7  Recording 

Scheduled 

Unscheduled 

.0 

16.4 

.0 

1.9 

.0 

14.7 

.0 

33.0 

Totals  (in  hours) 

720.0 

744.0 

744.0 

2208.0 

12 


3.2.2 


IBM/360  Model  44  Computer 


The  IBM/360  computer,  the  LASAPS  data  processor,  was 
fully  operational  at  the  LDC  for  99.60%  of  this  quarter.  The  com¬ 
plete  computer  utilization  statistics  are  given  in  Table  IV.  On¬ 
line  processing  time  equalled  96.16%  of  the  period.  Maintenance 
activities  used  7.5  hours  or  00.34%  of  the  available  time. 

3.2.3  DEC  PDP-7  Computer 


The  DEC  PDP-7  computer  was  fully  operational  for  data 
center  processing  95.52%  of  this  quarter  of  which  on-line  pro¬ 
cessing  accounted  for  86.99%,  and  off-line  13.01%.  The  complete 
summary  of  computer  utilization  statistics  are  shown  in  Table  V. 

The  back-up  operating  mode  of  high-rate  recording  (Ref.  1)  was 
required  on  75  occasions  covering  an  accumulated  time  period  of 
90.0  hours.  During  this  operation  684  magnetic  tapes  were  recorded 
by  the  computer  on  57  of  the  92  days  of  this  reporting  period. 

Low  rate  recordings  totaling  1049.4  hours  were  also  made.  Both 
low  rate  and  high  rate  recordings  are  retained  at  the  LDC  for  at 
least  30  days  of  recycle  time  prior  to  reuse. 

3.2.4  Analog  System 

Two  Geotech  Model  4000  Develocorders  are  operated  at  the 
LDC.  One  is  used  to  support  data  analysis  work  at  SDL  and  the 
other  to  support  array  maintenance  by  providing  a  means  to  display 
various  sensor  outputs  during  different  intervals  of  time.  The 
SDL  Develocorder  is  operated  24  hours  a  day  and  each  film  record 
is  scanned  in  the  film  viewer  to  determine  the  quality  of  the  film 
record  and  provide  a  log  of  occurrences  which  affect  the  quality 
and  usability  of  the  film  record. 

3.2.5  Tape/Film  Library 


The  data  center's  library  is  used  to  store  the  PDP-7  com¬ 
puter  magnetic  tape  recordings,  the  360  computer  disc  recordings, 
and  the  Develocorder  film  recordings  (prior  to  distribution)  for 
reuse  or  reference.  As  of  August  31,  PDP-7  high-rate  back-up  re¬ 
cordings  dating  back  to  1  July  1972  were  in  the  library  awaiting 
request  or  recycling.  The  library  of  back-up  recordings  presently 
contains  500  tapes.  During  this  period  there  were  no  tapes  re¬ 
turned  from  SAAC  and  60  faulty  tapes  were  disposed  of.  A  tape 
storage  area  has  been  established  to  hold  the  faulty  tapes  before 
final  disposal  is  made  because  a  use  may  still  be  possible  for 
some  tapes  . 

The  library  use  statistics  for  this  quarter  are: 

684  PDP-7  high  rate  format  tapes  retained  for 
recycling. 

0  PDP-7  high  rate  format  tapes  distributed  to  SAAC 
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TABLE  IV 


SYSTEM/360  MODEL  44  COMPUTER  UTILIZATION 
June  72  -  August  72 


ACCUMULATED  TIME.  HOURS  1 

OPERATION 

JUNE 

JULY 

AUG. 

TOTAL 

On-line  processing  including: 

Fully  operational  with  SAAC 

684.1 

726.6 

712.6 

2123.3 

Running  at  LASA  only 

16.3 

13 .1 

13.4 

42.8 

Down-time  operating  including: 

Scheduled  maintenance 

2.9 

1.5 

3.1 

7.5 

Corrective  maintenance 

.0 

.0 

.0 

.0 

Training 

.0 

.0 

.0 

.0 

Shut  down  -  360  equipment 

.0 

.0 

.0 

.0 

Shut  down  -  other  equipment 

16.4 

1.9 

14.7 

33.0 

Program  halt  or  loop 

.3 

.9 

.2 

1.4 

Idle  time 

.0 

.0 

.0 

.0 

Totals 

720.0 

744.0 

744.0 

2208.0 
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TABLE  V 

PDP-7  COMPUTER  UTILIZATION 
June  72  -  August  72 


AC< 

EMULATED  TTME . 

HOURS 

OPERATION 

JUNE 

JULY 

AUG. 

_'1'6tal 

On-line  program  operation 
including: 

Monitor  &  Weather  Processing  only 

145.4 

289.4 

266.8 

701  6 

i  VLR  Recording  only 

2.5 

.0 

.0 

2  5 

■  High  Rate  Recording  only 

35.6 

14.4 

31.0 

81  0 

Low  Rate  Recording  only 

364.4 

359.3 

287.3 

1011 .0 

VLR  &  High  Rate  Recording 

.0 

.1 

.0 

.  1 

VLR  &  Low  Rate  Recording 

29.5 

.0 

.0 

29.5 

VLR  &  High  &  Low  Rate  Recording 

.0 

.0 

0 

.  0 

High  &  Low  Rate  Recording 

1.7 

4.4 

2.8 

8.9 

3 

Off-line  program  operation 
including: 

Tape  Duplication  &  Verification 
Data  Analysis 

.0 

13.0 

.0 

16.0 

.0 

2.9 

.0 

31 . 9 

Utility  Operation 

22.4 

12.8 

4 . 1 

39  3 

Program  Development 

77.5 

42.5 

62.9 

182  9 

Diagnostic  Programs  &  Testing 

18.1 

.0 

.5 

18  6 

Training 

1.7 

.0 

.0 

1.7 

Down-time  operation  including: 

Scheduled  Maintenance 

.0 

.6 

3.0 

3  6 

Corrective  Maintenance 

.8 

.2 

46.6 

47.6 

Shut  down  PDP-7  Inoperative 

.3 

3.4 

27.3 

31.0 

Shut  down  -  Other  Equipment 

.3 

.1 

.  1 

•  5 

Program  Halts 

6.8 

.8 

8.7 

16.3 

Idle 

.0 

.0 

.0 

.0 

Totals 

720.0 

744.0 

744.0 

2208.0 
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_ 1  PDP-7  high-rate  format  tapes  distributed  to 

Lincoln  Laboratory 

788  PDP-7  low-rate  format  tapes  retained  for 
recycling 

92  Develocorder  film  distributed  to  SAAC 


3.3 


Array 


tori  no-  fiTao  operati°ns  functions  performed  include  (1)  moni¬ 
tion  S(2 ^  to1tarrayfSyf!  mS  t0  detect  equipment  and  data  riegrada- 
lon,  (2)  testing  of  all  array  systems  to  measure  equipment  per- 

Dersnnnpi  c^ar3’cteristics ,  (3)  interfacing  with  telephone  company 
m  nro  determine  communications  equipment  performance,  and 

(4)  processing  of  array  maintenance  s  1  operation  data  to  obtain 
s  a  is  ics  and  information  for  efficient  array  management.  These 

disolavrronerf0rmedHU^liZ:ing  the  PDP_7  computer,  the  maintenance 
display  console,  and  the  Develocorders .  The  overall  system  aualitv 
control  efforts  are  applied  through  these  activities.  I^Hty 


3.3.1 


Monitoring 


of  thP  on j£l?y  m°nitoring  refers  to  the  sensing  of  performance 
of  the  operational  equipment  through  the  measurement  of  equipment 
characteristics  on  an  essentially  continuous  basis.  At  the  LDC 

thpthI1U?l1S-m0alt0ring  °f  the  array  systems  is  accomplished  using 

(2)  !  ^7  rit0rS’  ViZ-  0)  the  MDC  alarm  monf  t°r  panel, 

(2)  the  PDP-7  monitor  program  and  (3)  the  360  computer's  on-line 

system.  The  MDC  alarm  monitor  panel  provides  instantly  both  a 

visual  and  audible  indication  at  the  occurrence  of  either  a  data 

link  xailure  between  the  LDC  and  a  subarray  or  an  alarm  signalof 

?!  ar!ny  Eon6?  and.vault  allures  transmitted  on  telemetry  word 

Th®  PDP~7  monitor  program  outputs  each  telemetry  word  31  data 

aJr?v'rif!!m  a!iy  subarray  and  also  Points  out  the  duration  of  sub- 
a  ray  data  interruptions.  The  360  computer's  on-line  system  nrr>_ 
gram  periodically  generates  a  variety  of  monitoring  messages. 

..  4.  4-u  0Peration  and  maintenance  of  the  array  equipment  reauires 

that  the  data  be  interrupted  at  various  periods,  during  which  time 
normal  or  reliable  data  may  not  be  available  to  the  LASA  data  user. 
The  reasons  established  for  data  interruptions  are-  maintenance 
wM^n^11?  Perf°rme!  initiated;  subarray  equipment  failure’ in 
no,raaJntenance  has  been  initiated;  telephone  company(s)  per¬ 
forming  tests  on  the  communication  link  rot  functioning;  powerP 
outage  at  the  subarray;  or  special  data  center  testing  in  the 
event  any  of  these  situations  occur,  a  notation  is  made  in  the  data 

ForTh^cT.  1?g  Helfing-t°  the  data  affected  and  the  time  plrloS 
Fo  the  case  of  short-period  and  long-period  interruptions.  SAAC 

f  aler  ed  viathe  System  360  typewriter.  The  total  duration  of 
month1?newble1?i’.rePOrted  f°r  subarray  ls  broke"  “own  by 
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TABLE  VI 


SUBARRAY  DATA  INTERRUPTION  OUTAGES 


SUB 

ARRAY 

DATA 

TOTAL  TI'.iE 

DURATION  OF  DATA  INTERRUPTIONS 
(HOURS: MINUTES) 

JUNE 

JULY 

AUG. 

TOTALS 

AO 

SP 

:  24 

3:32 

3:56 

LP 

:  24 

3:32 

1 

3:56 

Meteor 

:  24 

3:32 

3:56 

Telco 

4:24 

2:12 

1:50 

8:27 

B1 

SP 

0:0 

0:0 

0:0 

0:0 

Telco 

2:10 

0:0 

0:0 

2:10 

B2 

SF 

0:0 

0:0 

1:56 

1:56 

Telco 

1:26 

1:58 

0:0 

3:24 

B3 

SP 

0:0 

0:0 

0:0 

0:0 

Telco 

1:26 

0:0 

0:0 

1:26 

B4 

SP 

0:0 

0:0 

4:21 

4:21 

Telco 

1:26 

0:0 

0:0 

1:26 

Cl 

SP 

0:0 

0:0 

17:19 

17:19 

LP 

0:0 

0:0 

17: 19 

17:19 

Telco 

1:26 

0:0 

6:40 

8:06 

C2 

SP 

0:0 

2:01 

0:0 

2:01 

LP 

0:0 

2:01 

0:0 

2:01 

Telco 

4:04 

1:58 

0:0 

6:02 

C3 

SP 

:  14 

0:0 

:  05 

:  19 

LP 

:  14 

0:0 

:  05 

:  19 

Telco 

8:  28 

0:0 

0:0 

8:28 
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TABLE  VI 


! 
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TABLE  VI 


SUB  ARRAY  DATA  INTERRUPTION  OUTAGES  (CONCLUDED) 
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3.3.2 


?allbrati  nn< 


S3Sh*8MSS®i^ra~*'~ 

l»ntM  i(ih  •?*Jry  re"otp  etmiroia  (r|?  oy-t™. 

Ier  each  subflrmv  hn* i  “4  ^  1 '  z'  connects  ihp  data 

condition  of  the  arIay  BtJ,in“  Jor  ‘leioco  ninH 

Ihe  ■pplication  ojr  tho  F??"  \  The  PDP"7  computer  £5KS** 

fli  trials  io  the  HubarruvfHi  tple*fltrji  codmind  and  calibration 

J>1«  thy  SPisa^"n  LTror  tt,e  r«pQ™ib"“"“ 

w.  Eg  S&3R  JTOEIi  °ulputK  •»■  *“*£- 

fur  tho  short -periQd  tt|?1  Program  TESP  U  uBfd 

portLid  solEii]9f>EFftflh  (Hot.  li>H  Etir Bn ? r °h r ^  T121^  fg,r  * hl^  lOhjfcU 

slnoBojju  onlibrat  iluih  arc  *h™n  ^  os  pons  ns  ro  these 

the  analog  value,  A  (dim  tnl  i  L^rn  ^b.U"  Vl<*  *hcre  A  (valla)  *- 

e  W^khiOI"*  r<iui  valent  wfiiwJ,"1”  ln  "“Imal,  ana 

seismometer  posj  niui  n,,’l?!>J  ^T' “MlJ  '' '  1---  :  men 1  or  thn  lonit 
nnj!putBr  UBltlB  g  u|)pfUpP1^"°t^'u‘,|»1!‘i  «Hy  by  thfl  RopI?  °d 

Swiaor  ^|*«<SsSEr  mass  t«  Jr  KrTiT"'  /'■“l'r“  «*SMS 

I  seconds, cyeie  hy  pi-ojf.-att.  friEECK 

tabllphcd  ‘pJruJJuT^^^'lTT  the  toler""ces  as_ 

L“rJ?/u  »t»i  fu  mi  ii„"  r  r"<  '■»««  >„  «. 

s'si*;; Sierti1  «**#*  siatu*  R;;;rr?  a  $&%&t  ds,a-  »• 

to  »li  n^nniee  notlwriKed  h„  vnr  i»t,-  diBtrlhut«il  nob  nok 
t  !  5ce  oI  d*fectivo  cfcannelJi  cfchcctl^^  Vnr  lndtpates  the  in_ 

lud  rn  «**  *«**  th,-eo-.ortth1;er_ 

else  tinea  in  ehlnt/t  he 'array 'JiTIS  ot  CP°  Mrr*t  tl«tR  inter,  pr«_ 
Cftlllu-aUciti*  m  e' m  0r°  ^M^upUd  for 

avaiiftbio  from  th*=  \WP^7  cijsiput***  ^  Unios  arc  readily 

ouipwc  amj  arc  ijid.uiii.oti  kn  5L  h .  *  ^ps  on-jmc  monitor  prucram  V 

m*  wpm.Jy  y,,.'1,™1  *  *"f  x  r.„.  n,e  sp  JK  £i 

oali brnt ton  time  ln'sJmw,i  i„  Table' t*t,f''l"d  “al  1  b’,“l  lon»  only  one 
tinea  are  available  noon  „J?  y ,.**  ?“r  L'n''l>  *«;  tho  daily 
earth  motion  ol  i„L.  nil ,  b.  n WuP  S!  ^  L?C'  «K 
arc  also  shovn  in  tbc  two  tiihlta^  P«C  “1^nalH  to  the  sc  is  no  fetors 


Commun icalions 


the  Ce"ter  ->yo*‘«e-  b> 

v  *ys  an  important  part  in  the  success 
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LASA  SEISMOGRAPH  CALIBRATION  RESPONSE  TOLERANCES 
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TABLE  VIII 


INCIDENCE  OF  DEFECTIVE  SUBARRAY  CHANNELS 
June  1972  -  August  1972 
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SP  ARRAY  SINUSOIDAL  CALIBRATIONS 
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30 


of  the  array  operation.  Determination  of  data  interruptions  due 
to  telephone  circuit  outages  is  one  responsibility  of  the  LDC 
operations  activity.  All  outages  reported  by  data  center  personnel 
are  assigned  a  ticket  number  to  aid  in  accounting  for  and  identi¬ 
fying  of  the  data  interruption.  Weekly  meetings  are  held  with 
the  telephone  company,  viz.,  Mountain  Bell  and  Mid-Rivers,  per¬ 
sonnel  to  review  and  describe  all  outages. 

For  the  period  between  1  June  and  31  August  1972,  the 
communications  outages  which  exceeded  a  two-hour  duration  and  the 
reasons  attributed  to  the  outages  are  listed  in  Table  XI.  Open  wire 
troubles  and  defective  line  filters  caused  an  increase  in  the 
number  and  total  duration  of  outages  exceeding  two  hours.  Twenty- 
six  outages  totalling  150.2  hours  were  x'eported  as  compared  with 
thirteen  outages  totalling  41.5  hours  for  the  previous  quarter. 
Lightning  was  responsible  for  the  broken  open  wire  lines  and  the 
telco  filter  failures;  high  winds  caused  the  instances  of  open 
wire  wrap.  Since  these  communication  problems  require  field  trips 
by  telco  repairman  the  duration  of  the  outages  are  generally  more 
lengthy. 


The  intermittent  troubles  previously  reported  with  sub¬ 
arrays  El  and  E4  during  May  in  which  several  tests  were  performed 
to  locate  the  trouble  source  without  any  success  have  now  ap¬ 
parently  cleared  up  since  no  further  incidence  has  been  detected. 
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TABLE  XI 

i 

EXTENDED  ARRAY  DATA  INTERRUPTIONS 
DUF  TO  COMMUNICATIONS  OUTAGES 


1 

DATE 

DURATION 

SITE  ' 

) 

•  REASON  FOR  OUTAGE 

t 

06/03/72 

4:06 

t 

F4 

Mountain  Bell  on  Patch  causing 
timing  problem 

i 

06/03/72 

7:10 

F4 

i 

t 

Mountain  Bell  on  Patch  causing 
timing  problem  i 

06/06/72 

3:23 

J 

F4 

Mountain  Bell  on  Patch  causing 
timing  problem 

06/09/72 

2:30 

C3 

■  1  1 

Stiorm  in  array 

i 

C6/09/72 

2:30 

D3 

1 

Storm  in  array. 

06/09/72 

5 : 58 

F3 

Low  Telco  levels 

!  i 

06/10/72 

2:25 

C3 

!  S  1 

Storm  in  array 

1 

06/10/72 

2:25 

.  D3 

Storm  in  array 

06/18/72 

9:25 

i  F3  , 

i  i 

No  trouble  found 

1 

06/18/72 

12:50 

F4 

Open  wire  wrap  near  subarray 

06/20/72 

8:13 

F4  ' 

Open  wire  wrap  near  subarray 

06/21/72 

t 

17:41 

F4  ’ 

i  i 

Open  wire  wrap  and  Mountain  Bell 
on  defective  Patch 

!  , 

07/19/72 

2:35 

F3 

Low  Telco  levels 
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TABLE  XI 


EXTENDED  ARRAY  DATA  INTERRUPTIONS 
DUE  TO  COMMUNICATIONS  OUTAGES  (CONCLUDED) 


DATE 

DURATION 

SITE 

REASON  FOR  OUTAGE 

07/19/72 

10:32 

C4 

Lightening  damaged  Telco  filter 

07/19/72 

3:21 

FI 

Storm  in  array 

07/19/72 

4:  13 

FI 

Storm  in  array 

07/20/72 

3:15 

F4 

No  trouble  found 

07/20/72 

2:45 

F3 

Low  Telco  levels 

07/25/72 

2:15 

FI 

Storm  in  array 

07/30/72 

7:09 

FI 

Wire  slap  near  subarray 

08/01/72 

3;41 

F3 

Open  wire  wrap 

08/02/72 

7:39 

F3 

Open  wire  wrap  and  defective 

Telco  filter 

08/09/72 

3:50 

D4 

Open  wire  line  broken 

08/09/72 

4:40 

Cl 

Defective  Telco  KS  amplifier 

08/14/72 

9:29 

F4 

Open  wire  line  broken 

08/21/72 

6:14 

E4 

Open  wire  wrap 
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SECTION  IV 


ARRAY  PERFORMANCE 


4 . 1  Systems 

The  overall  performance  measure  applied  to  each  of  the 
array's  sensor  systems  is  the  array  data  availability.  The  per¬ 
centage  of  time  the  array  systems  are  on-line  providing  quality 
data  determine  the  value  of  this  measure.  Data  availabilities 
are  calculated  by  combining  the  total  subarray  data  interruption 
times  shown  in  Table  VI  with  the  total  sensor  outage  times  re¬ 
ported  on  the  Defective  Signal  Channel  Status  reports.  The  data 
availabilities  compared  with  those  of  previous  periods  are  as 
follows : 

Previous  Previous 
3rd  Quarter  3rd  Quarter  Contract 

SP  94.28  97.4  96.7 

LP  94.90  98.4  98.6 

Met  99.18  98.3  99.2 

Telephone  circuit  outages  which  affect  all  subarray  systems  are 
not  included  in  the  percentages.  During  this  quarterly  period  the 
listed  data  availabilities  were  further  reduced  by  0.52%  by  the 
telco  outages . 

4.1.1  SP  Seismograph 

(a)  Performance  Monitoring  using  Program  TESP 

The  performance  monitoring  from  the  sinusoidal 
calibrations  of  the  346  short-period  seismograph  channels  during 
this  three-month  period  has  indicated  an  average  channel  sensi¬ 
tivity  of  20.12  mV/nm  at  1-second  periods  with  an  average  standard 
deviation  of  1.34  mV/nm.  A  summary  of  the  test  results  obtained 
each  week  is  shown  in  Table  XII  where  the  statistics  are  compai ed 
with  those  of  the  previous  contract  and  those  of  the  previous  June  - 
August  period.  The  SP  array  maintenance  programs  conti  me  lo  re¬ 
flect  increases  in  the  amplitude  stability  of  the  SP  soisii.ogi  aphs . 
This  is  illustrated  by  the  distribution  of  SP  sensors  within  the 
±  15%  sensitivity  tolerance  plotted  in  Figure  4.1.  This  figure 
shows  the  weekly  ocrcentagc  of  sensors  within  the  tolerance  since 
30  March  1970.  The  cyclic  variation  that  occurs  with  the  seasonal 
temperature  changes  continues  to  be  apparent. 

(b)  Channel  Staoility 

To  determine  the  individual  channel  stability  of  the 
SP  seismograph,  86  sensors  were  selected  to  receive  special  study. 

Preceding  page  blank 
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TABLE  XII 


SP  ARRAY  PERFORMANCE  TESTING  SENSITIVITY  STATISTICS 


DATE 

NO. 

SENSORS 

SENS. 

MEAN 

mV/nm 

SENS. 

CT 

mV/nm 

SENS. 

MAX. 

mV/nm 

SENS. 

MIN. 

mV/nm 

SENS. 

DEV. 

mV/nm 

6/5 

340 

20.21 

1.32 

23.02 

12.62 

10.40 

6/12 

340 

20.18 

1.41 

25.72 

12.38 

13.34 

6/19 

340 

20.35 

1.37 

25.24 

11.37 

13.87 

6/26 

338 

20.09 

1.34 

25.69 

12.47 

13.22 

7/3 

338 

20.25 

1.36 

24.73 

10.08 

14.65 

7/10 

334 

19.95 

1.41 

25.54 

10.15 

15.39 

7/17 

338 

20.26 

1.40 

25.19 

11.26 

13.93 

7/24 

337 

19.91 

1.31 

23.03 

11.51 

11.52 

7/31 

337 

19.94 

1.35 

25.52 

11.44 

14.08 

8/7 

339 

20.21 

1.30 

25.19 

10.13 

15.06 

8/14 

308 

19.89 

1.33 

25.19 

11.63 

13.56 

8/21 

326 

19.97 

1.25 

25.00 

11.05 

13.95 

8/28 

342 

20.40 

1.29 

25.14 

11.50 

13.64 

AVERAGE 

335.15 

20.12 

1.34 

24.  L7 

11.35 

13.59 

PREVIOUS 
2RD  QTR. 
AVERAGE 

343.6 

19.86 

1.50 

24.9 

14.1 

10.8 

CONTRACT 

AVERAGE 

334.54 

20.29 

1.42 

24.17 

12.74 

11.68 

PREVIOUS 

CONTRACT 

AVERAGE 

343.9 

20.36 

1.69 

26.5 

12.7 

13.8 
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Percentage  Distribution  of  SP  Sensors  in  ±  15%  Sensitivity  Tolerance 

starting  30  March  1970  to  date. 


Six  of  the  sensors  were  picked  at  random  from  subarray  E3  and 
four  were  randomly  sampled  from  each  of  the  other  20  subarrays. 

The  sensitivities  of  each  of  these  86  channels  since  1  November 
1971  have  been  obtained  from  the  daily  printout  of  program  TESP. 

At  the  end  of  each  month  a  standard  deviation  of  the  sensitivity 
is  calculated  for  each  channel.  Table  XIII  summarizes  this  infor¬ 
mation  . 


Assuming  the  distribution  of  the  sensitivity  of  an  indi¬ 
vidual  channel  is  normal  or  at  least  can  be  approximated  by  a 
normal  distribution,  Table  XIII  shows  that  in  the  large  majority 
of  cases  the  measured  sensitivity  of  a  channel  will  be  within  1 
mV/nm  of  the  mean  sensitivity. 

In  five  of  the  eight  cases  of  an  individual  channel's 
standard  deviation  being  less  than  0.3333  mV/nm  for  June  and  greater 
than  .3333  mV/nm  for  July,  the  standard  deviation  for  May  was 
greater  than  0.3333  mV/nm.  In  these  five  cases  the  standard  devia¬ 
tion  is  near  0.3333  mV/nm  and  fluctuates  enough  from  month  to  month 
to  cause  the  majority  of  the  variation  in  the  percentage.  The 
other  six  channels  with  standard  deviation  greater  than  .3333  mV/nm 
for  June  are  either  channels  which  are  failing,  i.e.,  sensitivity 
is  steadily  decreasing,  or  in  the  minority  of  cases  the  channel's 
sensitivity  jumps  around.  The  variation  in  percentage  is  caused 
primarily  by  those  channels  whose  standard  deviation  is  near  0.3333 
mV/nm  and  fluctuates  above  and  below  this  figure. 


(c)  Channel  Frequency  Response  Measurement 

Measurement  of  SP  channel  frequency  response  by  sub¬ 
array  continued  with  the  collection  of  response  data  from  79  sen¬ 
sors  at  five  subarrays  this  quarter.  Figure  4.2  shows  the  mean, 
the  minimum,  and  the  maximum  response  curves  of  the  array  as 
measured  during  the  period  May  1970  through  August  1972.  The  aver¬ 
age  age  of  the  subarray  data  used  in  preparing  these  sensitivity 
plots  is  9.9  months.  The  sensitivities  are  calculated  using  the 
measured  values  of  output  amplitude  and  input  current  amplitude  and 
period,  and  the  nominal  values  of  calibration  constant  and  seismic 
mass.  Table  XIV  shows  the  average  and  the  standard  deviation,  of 
the  channel  sensitivities  for  each  of  the  16  frequencies  used  in 
the  measurement.  Individual  plots  are  prepared  to  display  the 
broadband  response  of  each  SP  seismograph  channel  and  to  assist 
maintenance  in  determining  channel  malfunctions. 


(d)  Number  of  Sensors 

A  total  of  366  SP 
from  346  individual  seismometers 
in  the  array.  Twenty  attenuated 
ponent  outputs  are  obtained  from 
the  366  active  channels.  Twelve 
the  configuration  of  the  initial 
subarray  D2  where  three  channels 


seismograph  channels  originate 
installed  at  344  sensor  locations 
outputs  and  two  horizontal  com- 
twenty-one  locations  to  produce 
of  the  346  seismometers  vary  from 
LASA  installation.  These  are  at 
are  derived  from  a  TD-202  tri-axial 
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Sensitivity  (millivolts/nanometer) 


gure 


TABLE  XIV 


SP  SEISMOGRAPH  FREQUENCY  RESPONSE  MEASUREMENT  DATA 


FREQUENCY,  HERTZ 

MEAN 

SENSITIVITY,  mV/nm 
STANDARD  DEVIATION 

0.15 

0.0697 

0.009 

0.20 

0.182 

0.019 

0.30 

0.651 

0.045 

0.50 

3.07 

0.127 

0.70 

8.01 

0.237 

0.80 

11.5 

0.365 

0.90 

15.9 

0.769 

1.0 

19.9 

0.663 

1.1 

24.4 

0.881 

1.2 

29.0 

1.13 

1.3 

J3 .3 

1.40 

2.0 

60.0 

3.40 

3.0 

83.0 

5.97 

4.0 

104  0 

8.16 

5.0 

1]  8 . 5 

12.55 

6.0 

61.8 

8.64 

Number  channels  used  =  339 
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seismometer  in  hole  in 

combination  seismometer  amnli f ^  channels  are  from  high-level 
46  and  at  subaryy  D1 Mere six ^  h°leS  62  ’  23 »  aad 
seismometers  at  holes  52,  72  54^  74  65  near_surface 


4.1.2 


LP  Seismograph 


long-period  sensors  continued  du£inf  the  standard  LASA  LP 

mg  the  procedures  of  the  previous  ^arterly  period  follow- 

tivity  average  of  339.46  mV/um  at  25s  +  A  ^hannel  sensi- 

of  17.46  mV/um  are  reported  fifth!  and.a  standard  deviation 
month  periodM  The  weeklj  test  ?eau?t«  s^sm°graphs  for  the  three 
Table  XV  where  this  quarter's  stf+  ^  obtained  are  shown  in 
compared  with  those  of  thP  statistics  are  summarized  and 

previous  June  -  August  peti^T  COntraCt  and  those  °f  the 


the  LP  sensors  within^he^SO  *±  50  mJ/  percentage  distribution 
throughout  the  21-month  period  qtnv+V/^l^Sensitlvlty  tolerance 
31  August  1972.  P  d  starting  8  December  1970  through 


4.2 


Equipment 


ated  on  a  continuing  basi^t^identif v^the^5^^ • are  being  evalu~ 
mance  characteristics,  to  detect  sia^s  If  l* .  individual  perfor- 

methods  of  detecting  malfunctions.  Progreso! ’ y  t0  i!!,prove 
efforts  is  reported  in  this  serf  ion  a  ®  ®ss  of  these  evaluation 

and/or  analyzed  and  made  avaUablTfo?  pStjon"/5  C°llected 
4 ' 2 • 1  SP  Seismometer,  HS-10-1A 

coming  better  identif ied^^the^e^  ^  seismometers  are  be- 
junction  with  the  SP  subarray ^rehabi it t •if1'1  bei"s  made  in  con" 

graph  6.3.1).  Seismometer  natu^?^™*  *  prcgram  (see  pay¬ 
ments  were  made  at  36  sensor  location  fluency  and  damping  measure- 
natural  frequency  data  miiont  ^  lons  durinS  this  quarter.  The 

the  measured  value  may  be  comparedrwithbtheted  ^  Table  XVI  Where 
measurement.  These  data  havpPhPO  th  the  previous  frequency 

during  this  measuyme^ygyfto"  pyyrTthe^  °thers  C°llected 
bution  shown  in  Figure  4  4  Thi^  +  the  frefluency  distri- 
of  the  arrays  seismometers:  The  tol^aMe  °°rrS  191  or  55-2% 
that  all  seismometers  measuring  10  ±  oTh»JJ  18  *  10%  so 
be  operating  satisfactory.  Natural  b  tZ  are  considered  to 

at  the  wellhead  with  the  seismometer  th^h  ^asurfients  are  made 

using  the  phase-resonant  or  Lisaimic  6  b°tt°m  of  the  casing 

replacements  and  field  corrections  • pattern  method-  Seismometer 
mometer  in  the  casing  durimr  ^positioning  the  seis- 

centage  of  natural  ft^qutncMs  ^side^hf^?3  increased  the  per- 
80«0%.  Of  the  191  seismometers  tested  38  tolerance  from  66.0%  to 
outside  the  natural  frequency  range  of  id °Perating 
4.5  indicates  the  natural  file  c  ^  bertz-  Fig^e 

data  channel  in  the  array.  4  y  tatus  of  each  seismometer 
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TABLE  XV 


LP  ARRAY  PERFORMANCE  TESTING  SENSITIVITY  STATISTICS 


DATE 


6/12 

6/19 

6/26 


7/10 

7/17 

7/24 

7/31 


8/14 

8/21 

8/28 


AVERAGE 


PREVIOUS 
3RD  QTR . 
AVERAGE 


348.03  I  15.27  394.11 
343.89  I  15.33  381.72 
343.08  j  16.87  384.70 
342.84  I  16.41  377.58 
339.80  I  17.27  376.68 
336.77  I  16.57  378.43 

336.76  I  16.78  375.44 
338.25  I  15.31  377.60 
339.28  I  17.11  376.42 
335.57  I  19.34  374.57 
332.181  18.94  374.78 

337.77  22.70  414.72 
339.65  I  19.03  398.28 


81.91 

72.06 

92.58 

178.84 

184.44 

177.64 

76.12 

73.85 

72.23 

71.90 

101.38 

138.04 

104.49 


44.08  I  339.46  17.46  383.46  273.81  109.55 


18.5 


CONTRACT 

AVERAGE 


PREVIOUS 

CONTRACT 

AVERAGE 


44.57  355.141  16.67  398.89 


44.6 


356.1 


89.64 


l  m 


44 


Figure  4.3  Percentage  Distribution  of  LP  Sen: 

within  ±  50  mV/jxm  Sensitivity  Tol( 
starting  8  December  1970  to  date. 


TABLE  XVI 


SP  SEISMOMETER  NATURAL  FREQUENCY  MEASUREMENTS 
JUNE  -  AUGUST  1972 


SUBARRAY 

SENSOR 

*-n 

HERTZ 

DAMPING 

RATIO 

TO  CRITICAL 

PREVIOUS 
f  n 

HERTZ 

CHANGE 
f  n 

HERTZ 

El-10 

0.97 

(8/72) 

0.677 

1.13 

-.16 

El-41 

0.935 

(7/72) 

0.662 

1.09  (9/70) 

-.16  (22) 

El-72 

0.910 

(7/72) 

0.677 

1.02  (9/70) 

-.11  (22) 

El-63 

1.03 

(7/72 

0.662 

1.13  (9/70) 

-.10  (22) 

El-83 

0.935 

(8/72) 

0.677 

New  Seis. 

El-45 

1 . 13 

(7/72) 

0.670 

1.12  (9/70) 

+.01  (22) 

El-65 

1.22 

(7/72) 

0.653 

1.22  (9/70) 

.00  (22) 

E2-10 

1.05 

(7/72) 

1.12 

-.07  (14) 

E2-51 

1.082 

(7/72) 

0.591 

1.09  (5/71) 

-.01  (14) 

E2-42 

0.911 

(7/72) 

0.690 

New  Seis. 

E2-62 

1.02 

(7/72) 

0.677 

E2-73 

1.09 

(7/72) 

0.653 

1 .17 

-.08  (14) 

E2-64 

1.01 

(7/72) 

0.653 

New  Seis. 

E2-84 

1.06 

(7/72) 

0.653 

E2-75 

1 . 10 

(7/72) 

0.653 

1.10  (5/71) 

.00  (14) 

F3-41 

1 . 10 

(6/72) 

0 . 670 

1.14  (8/71) 

-.04  (10) 

F3-52 

0.96 

(6/72) 

0.670 

New  Seis. 

F3-72 

0.90 

(6/72) 

0.653 

New  Seis. 
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table  XVI 


SP  SEISMOMETER  NATURAL  FREQUENCY  MEASUREMENTS  (CONCLUDED) 

JUNE  -  AUGUST  1972 


SUBARRAY 

SENSOR 


*  n 

UERTZ 


1.095  (6/72) 
0.95  (7/72 

1.08  (6/72) 
1.00  (6/72) 

0.91  (6/72) 


D3-10 

1.01 

(8/72) 

D3-71 

1.03 

(8/72) 

D3-42 

1.00 

(8/72) 

03-62 

1.00 

(8/72) 

D3-53 

1.03 

(8/72) 

D3-73 

0.97 

(8/72) 

D3-64 

1.01 

(8/72) 

D3-55 

0.93 

(8/72) 

1.06 

(8/72) 

Dl-54 

1.08 

(8/72) 

D3-74 

1.09 

(8/72) 

51-65 

1.10 

(8/72) 

0.98 

(8/72) 

Figure  4.5 
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Seismometer  Natural  Frequency  Status  of  Array 


X  -  Natural  frequency  exceeds  1  ±  .1  hertz 

E  -  Empty  data  channel,  no  sensor  connected 

W  -  Weather  Instrumentation  Data  Channel 

Blank  -  Natural  frequency  measurement  data  not 
current 
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Seismometer  damping  measurements  have  been  made  at  120 
sensor  locations  since  the  collection  of  these  da  a  started. 
Previously  the  damping  test  was  reported  as  satisfactory  or  un¬ 
satisfactory  depending  upon  whether  or  not  the  damping  ratio  to 
critical  was  within  0.6  to  0.8.  The  frequency  distribution  of 
the  damping  measurement  data  collected  from  the  120  sensors  or 
31.8%  of  the  array  is  plotted  in  Figure  4.6.  These  data  in¬ 
dicate  the  arrays  seismometers  are  somewhat  underdamped  from  tne 
nominal  .7  damping  ratio. 

Since  the  internal  damping  of  the  HS-10-1A  seismometer 
is  significant  enough  to  prevent  seismometer  oscillations  from  a 
single  excitation  pulse,  the  usual  rate-of-oscillation-decay 
method  of  damping  measurement  cannot  be  used.  However,  the  damping 
ratio  can  be  determined  by  the  overshoot  method  in  which  the  mass 
is  excited  by  a  short-duration  dc  pulse  applied  to  the  calibration 
coil.  The  ratio  of  the  positive  half-cycle  to  the  negative  cycle 
output  from  the  data  coil  determines  the  damping.  An  external 
damping  resistance  is  selected  so  that  the  overshoot  ratios  corres 
ponds  to  a  damping  ratio  (to  critical)  range  of  .6  to  .8.  The 
external  damping  resistances  are  selected  from  a  set  consisting 
of  these  ohmic  values:  51K,  82K ,  110K  and  120K. 

4.2.2  SP  Seismic  Amplifier.  Type  II 

An  investigation  of  the  spurious  responses  in  the  LP 
system  reported  by  Lincoln  Laboratory  (Ref.  4)  has  been  conducted. 

A  series  of  tests  on  the  TI  Type  II  amplifier  have  been  performed 
at  the  LMC  to  determine  if  spurious  low  frequency  output  responses 
could  be  produced  from  high  frequency  signal  inputs.  The  test 
set-up,  shown  in  Figure  4.7,  utilized  two  signal  generators  to 
simulate  the  effect,  of  changes  to  low  frequency  signal  input  to  the 
amplifier  and  the  effect  of  combining  high  frequency  interfernng 
signal  with  the  low-frequency  signal. 

The  results  of  the  testing  showed  that  suddenly  decrea¬ 
sing  the  amplitude  or  increasing  the  frequency  of  the  low  frequency 
signal  input  did  produce  a  spurious  high  level  output  pulse.  How¬ 
ever  introducing  an  increasing-amplitude  high  frequency  signal 
onto* a  steady  low-frequency  signal  input  did  not  produce  a  very 
noticeable  effect,  viz.,  a  slight  negative  shift  in  one  cycle  of 
the  output  waveform. 

The  significance  of  these  test  results  have  not  been 
determined  with  regard  to  their  application  to  real  signals  applied 
to  the  LAS A  seismographs. 

4  .3  Surficial  Noise  Studies 

Surficial  noise  studies  are  considered  a  part  of  the  per¬ 
formance  measurement  of  the  array's  seismographs  because  of  the 
relation  between  determining  good  instrument  signal-to-noise  ratio 
performance  and  the  extent  of  interferring  external  noise.  Further, 
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since  the  seismometers  are  not  decoupled  from  the  earth  when  in 
the  calibration  mode,  the  time  and  duration  of  interferring  sur- 
ficial  noise  even  if  limited  to  a  single  subarray  influence  the 
periods  in  which  calibrations  may  be  performed.  To  help  determine 
if  intervals  of  noisy  seismograph  channel  output  result  from  the 
instrumentation  or  from  external  sources,  a  limited  program  to 
classify  and  identify  some  surficial  and  other  interferring  noise 
conditions  is  being  initiated.  Since  the  identification  can  be 
accomplished  readily  either  on-site  or  at  the  LDC,  time  permitting 
the  routine  operation  of  the  array  is  being  modified  to  identify 
some  of  the  interferring  noise  sources. 

Local  noise  sources  of  the  Montana  array  of  interest  to 
this  study  have  been  categorized  as  either  natural  or  man-made. 

The  man-made  noise  sources  include:  mine  blasting  operations, 
highway  construction,  sonic  booms,  oil  and  gas  well  drilling, 
train  traffic,  and  agricultural  activity.  Natural  sources  include 
large  weather  systems  and  ntar-regional  earthquakes  from  areas 
of  high  activity. 

Disregarding  the  frequency  of  the  noise  and  assuming  a 
nominal  system  dynamic  range  (below  the  84  dB  theoretical  value) 
for  each  seismograph  channel,  the  goal  of  this  study  is  to  develop 
as  a  part  of  our  PDP-7  on-line  array  monitoring  program  a  method 
of  determining  when  particular  channels  are  being  subjected  to 
excessive  amounts  of  interferring  noise.  During  these  times  in 
which  the  system  dynamic  range  is  reduced  to  below  an  acceptable 
level,  calibrations  will  not  be  performed.  Further,  on-line 
measurement  should  help  determine  the  influence  of  an  increased 
activity  in  certain  of  the  local  noise  sources. 

4 .4  Failure  Report 

The  array  system  and  equipment  failures  which  occurred 
this  quarter  are  discussed  in  this  section.  All  the  failures  are 
classified  according  to  the  type  of  failure  and  include  these  five 
classifications : 


(1)  System  failure  - 


(2)  Mode  failure  - 


(3)  Limited  failure  - 


A  failure  resulting  in  zero  or  no 
system  output  which  prevents  the  system 
or  equipment  assembly  from  performing 
its  primary  function  and  identified  as 
a  Type  1  failure. 

A  failure  resulting  in  a  zero  or  no  sys¬ 
tem  output  only  during  one  of  several 
different  modes  of  operation;  a  Type  2 
failure . 

A  failure  resulting  in  a  system  output 
which  is  outside  the  allowable  tolerance 
limits  but  permits  degraded  performance; 
a  Type  3  failure. 
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(4)  Latent  failure  -  A  failure  which  changes  a  system  output 

either  by  an  amount  less  than  the 
allowable  tolerance  or  from  the  nominal 
output  when  no  tolerance  limits  have 
been  established;  a  Type  4  failure. 

(5)  Temporary  failure  -  A  failure  produced  by  an  operating  or 

environmental  stress  which  results  in 
no  permanent  physical  damage;  a  Type 
5  failure. 

Table  XVII  indicates  the  number  of  failures  detected  and 
corrected  in  each  of  the  ten  array  systems.  In  decreasing  order 
the  three  systems  with  the  largest  number  of  failures  were  again 
the  SP  sensor,  PDP-7  computer,  and  the  LDC  Test  and  Support.  The 
360  Computer  system  operated  again  during  this  q  arter  without  any 
failures  and  the  Meteorological  system  had  only  one  failure.  The 
distribution  of  the  equipment  failures  within  each  system  is  shown 
in  Table  XVIII . 

The  HS-10-1A  seismometer  and  RA-5  amplifier  in  the  short- 
period  system  accounted  for  68  of  the  70  failures  in  the  system. 

The  seismometer  failures  were  identified  for  repair  during  the 
current  SP  rehabilitation  program.  Of  the  48  RA-5  failures  seven 
failed  completely,  15  were  out-of-tolerance ,  four  were  intermittant 
and  the  remaining  22  were  latent  failures  identified  for  repair 
during  the  SP  rehabilitation  program. 

The  tape  units  accounted  for  78%  of  the  PDP-7  system 
failures,  and  the  MDC  1  and  2  for  all  seven  failures  in  the  LDC 
Test  and  Support  System.  These  type  of  failures  have  been  pre¬ 
viously  reported  and  are  expected  due  to  constant  use  of  this  equip¬ 
ment.  These  failures  are  usually  mechanical  for  the  tape  units  and 
battery  replacements  in  the  zero  suppression  amplifiers  of  the 
Maintenance  Display  Console.  Except  for  the  PDP-7  tape  units  all 
failures  were  isolated  in  nature  and  do  not  indicate  trends  on 
maintenance  problems.  Descriptions  of  pertinent  equipment  repairs 
can  be  found  in  Section  VI . 

The  performance  of  the  SP  array  in  terms  of  the  number 
and  duration  of  channel  failures  detected  can  be  seen  from  the 
distribution  shown  in  Figure  4.8. 
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TABLE  XVII 

LASA  SYSTEM  FAILURE  DETECTIONS  AND  CORRECTIONS 


JUNE  1972  -  AUGUST  1972 


i 
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TABLE  XVIII 


EQUIPMENT  FAILURES 


L_ _ NUMBER  OF  FAILURES _ 1 

ARRAY  SYSTEM/EQUIPMENT 

TYPE 

OF  FAILURE 

1 

2 

3 

4 

5 

TOTAL 

Short-Period  System 

Seismometer 

0 

0 

14 

6 

0 

20 

WHV  Panel  W/RA-5 

7 

0 

15 

22 

4 

48 

RA  5  Power  Supply 

2 

0 

0 

0 

0 

2 

WHV  Junction  Box 

0 

0 

0 

0 

0 

0 

WHV/ Cables 

0 

0 

0 

0 

0 

0 

CTH  Junction  Box  (SP) 

0 

0 

0 

0 

0 

0 

Total 

9 

0 

29 

28 

4 

70 

Long-Period  System 

Vertical  Seismometer/Tank 

0 

0 

0 

0 

0 

0 

Horizontal  Seismometer/Tank 

1 

0 

0 

2 

0 

3 

LP  Vault/Cabling 

0 

0 

0 

0 

0 

0 

LP  Junction  Assembly 

0 

0 

0 

0 

0 

0 

Motor  Assembly 

2 

0 

0 

0 

1 

3 

Seismic  Amplifier,  Type  II 

1 

0 

1 

0 

0 

2 

Amplifier  Power  Supply 

0 

0 

0 

0 

0 

0 

CTH  Junction  Box  (LP) 

0 

0 

0 

0 

0 

0 

Total 

4 

0 

1 

2 

0 

8 

Meteorological  System 

Aerovane,  Wind  Direction 

0 

0 

0 

0 

0 

0 

Aerovane,  Wind  Speed 

0 

0 

0 

0 

0 

0 

Pole  Assembly 

0 

0 

0 

0 

0 

0 

Pole  Junction  Box/Cabling 

0 

0 

0 

0 

0 

0 

Temperature  Probe 

0 

0 

0 

0 

0 

0 

Electrobarometer /Baffle 

0 

0 

0 

0 

0 

0 

Rain  Gauge 

0 

0 

0 

0 

0 

0 

Rain  Gauge  Electronics  Panel 

1 

0 

0 

0 

0 

1 

Total 

1 

0 

0 

0 

0 

1 
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EQUIPMENT 


ARRAY  SYSTEM/EQUIPMENT 


Subarray  Electronics  Modules 


Input  Drawer  # 1 
Input  Drawer  #2 
Multiplexer/ADC 
Output  Drawer 
PDC  Drawer 
ACC  Cabinet 
SEM  Cabinet/Cabling 
Alarms 


Total 


Power  System 


Control  Drawer 
Inverter 
Charger 
Battery 

SOLA  Transformer 
Rack  Cabling 
Isolation  Transformer 
Breaker  Panel 

Vault /Wiring/Breakers/Out lets 


Total 


XVIII 


RES  (CONTINUED) 


TABLE  XVIII 


EQUIPMENT  FAILURES  (CONTINUED) 


NUMBER  OF  FAILURES _ 1 

OF  FAIL1 

ORE 

ARRAY  SYSTEM/EQUIPMENT 

1 

2 

3 

4 

5 

TOTAL 

360  System 

CPU  2044 

0 

0 

0 

0 

0 

0 

Disc  Drive  2315 

0 

0 

0 

0 

0 

0 

Typewriter  1052 

0 

0 

0 

0 

0 

0 

Card  Reader  2501 

0 

0 

0 

0 

0 

0 

Data  Control  1826 

0 

0 

0 

0 

0 

0 

Data  Adapter  1827 

0 

0 

0 

0 

0 

0 

Data  Adapter  2701 

0 

0 

0 

0 

0 

0 

Total 

0 

0 

0 

0 

0 

0 

PDP-7  System 

Computer 

0 

0 

4 

0 

0 

4 

Teletypewriter  KSR-35 

0 

1 

1 

0 

0 

2 

Card  Reader 

3 

0 

0 

0 

1 

4 

SOU 

0 

0 

0 

0 

0 

0 

Interface 

0 

0 

0 

0 

0 

0 

Tape  Unit  #19 

3 

0 

1 

0 

0 

4 

Tape  Unit  #32 

3 

0 

8 

0 

1 

12 

Tape  Unit  #33 

3 

0 

7 

0 

0 

10 

Tape  Unit  #22 

3 

0 

6 

0 

0 

9 

Incremental  Recorder 

0 

0 

0 

0 

0 

0 

Total 

16 

0 

27 

0 

2 

45 

Digital  System 

Timing  System  #1 

0 

0 

0 

0 

0 

0 

Timing  System  #2 

0 

0 

2 

0 

0 

2 

Digital  Data  Simulator 

0 

0 

0 

0 

0 

0 

Power  System 

0 

0 

0 

0 

0 

0 

PLINS 

0 

0 

c 

0 

0 

0 

MINS 

0 

0 

1 

0 

0 

1 

Total 

0 

0 

3 

0 

0 

3 
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TABLE  XVI I I 


EQUIPMENT  FAILURES  (CONCLUDED) 


ARRAY  SYSTEM/EQUIPMENT 


NUMBER  Of  FAILURES 


TOTAL 


Analog  System 

D/A  Patch  Panel  Cabinet 
D/A  Converter  #1 
D/A  Converter  #2 
D/A  Converter  #3 
D/A  Converter  #4 
FM  System 

16  Channel  Chart  Recorder 
WHV  Receiver 

Analog  Calibration  System 
Analog  Timing  System 
SP  Develocorder 
LP  Develocorder 


Total 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 


0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 


0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

2 


LDC  Test  and  Support  System 

MDC-1 

MDC-2 

Clocks 

Film  Viewer 

Film  Duplicator 

Copier 

Emergency  Lights 
Compressor ,  Blower 
Digital  Clocks 
Air  Conditioners 
Hi midif ier 
Tape  Cleaner 
Electrostatic  Filters 


Total 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

c 

0 

0 

0 

0 

0 

0 

0 

0 


0 


9 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


9 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


16 


0 
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Figure  4.8  Distribution  of.  theuNumber  and  Duration  of  the 

Defective  SP  Seismographs  between  5  September  71 


SECTION  V 

IMPROVEMENTS  AND  MODIFICATIONS 


5 • 1  General 

.  Important  to  the  operation  of  the  Montana  LASA  is  the 

the  iarlnS  incorporation  of  improvements  and  modifications  into 

efficiencvSinqthemuti?:  IheSe  imProvements  permit  increased 
einciency  in  the  utilization,  operation  and  maintenance  of  the 

intomtheseSthVat°ry  S  systems-  The  improvements  are  categorized 
three  areas>  PDP-7  programming,  array  equipment  aid 
ta  center  equipment.  Improvements  in  the  PDP-7  programming 

KSiSn^aSSu??!1^0?!  °peration  and  increase  the"  d It a  cot? 
Modtiteat  P  i  L  th€  array  Performance  measurement  activity 

?ii°^ei°f^emaarrty  and  Center  ^-P-nt  are  ma^  to’ 

uce  tne  need  for  maintenance  (i.e.  improve  reliability1*  to 

improve  ata  quality,  or  to  extend  the  operating  capability. 


5.2.1 


System 

PDP-7  Program  Mf 


MnlHnlo  Programming  changes  have  been  made  to  the  PDP-7 's 

System  (MOPS)  to  improve  the  efficiency 
l  h  D°  -llne  sy®tem  operation.  These  changes  to  the  origi^t 

availablf6forCthe  D»‘eh  made.primarily  to  increase  the  core  memory 

array 

systemnoperation?ther  f“tUr~ 

To  provide  increased  core  for  the  patch  program-  m  tho 
lower  memory  input/output  buffers  were  realigned,  (2)  the'on-line 
beam  former  was  removed,  (3)  the  core  requirement  for  the  on-linl 
event  detector  was  reduced,  and  (4)  the  interrupt  altering  pro? 
g  m  was  rewritten.  Other  changes  include;  (1)  improvement  to 

^it  toatho°?  ?rlng  °Ut5“t  format’  <2>  addition  of  a  third  tape 

recordine  »H^treC°rf ng  Sequence  daring  high-rate,  back-up 

g>  (3)  addltlon  of  a  magnetic  tape  header  check  to  prevent 
recording  over  a  tape  less  than  30  days  old,  (4)  rearrangement 

°  the  hourly  weather  output  format  to  agree  with  the  geometric 
configuration  of  the  array  and  the  calculation  of  a  wind  gu^  sta- 
tistic  (5)  incorporati°n  of  a  keyboard  priority  to  permit  ready 
^SS  by  th®  operator  to  the  program  from  the  teletypewriter  (6) 

serve^aper ^  171  aSd!?"'11"?  6V?nt  deteCt°r  °Utput 

serve  paper,  (7)  addition  of  a  tape  edit  process  for  recording  onto 
a  single  tape  the  low-rate  formatted  data  collected  during  the  dav 
from  all  event  detector  declared  events,  and  (8)  preparation  of 
new  low-rate  and  very-low-rate  recording  formats.  paratl°n  °* 


Preceding  page  blank 
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operation/a^eview^rthe^verairMol.!1?^  PDP‘7  co,"puter  system 
paragraph  5.2.2.,  11  M0PS  11  Program  is  presented  ip 

5*2,2  SrpKr^  MOPSJJJ  Descfjntj™ 


a.  Introduction 


I  f 

System  VersionT5e(M0ratin  it  til*  ^ ?APS  Multiple  On-line  processing 
for  LASAPS  operation  HI  .IVSJZl,™  “'C  ‘'oquirements  neSeJSr"6 
Corporation  PDP-7  compu™^*^  thf  Digital  Equipme"* 

track  magnetic  tape  drives  card  conslsts  of  four  seven- 

Receive  (KSR  35)  teletypewriter  naofrr;  1  35  Keyboard  Send-. 

Sixteen-channel  Sanborn  chart  recorder, ^^"one^^ocorder?"6 

provide  a  back-up  systera^f  °f  ^ASAPS  operation  are  to 

Phone-line  transmission to the Se^lT™10  in  the  pvent 
cannot  be  accomplished  and  to  assist  with^h  Analysis  Center  (SAAC) 
nance  support  of  the  array.  *  th  the  moi1ltoring  and  mainte-- 

b.  Preparation  ,,  .  i 

t  1  '  ' 

flap  assembler TheTheSoutoit  oH  h^i1’01"  pupche‘l  oards  uhing'the 
mode  object  -program  punched  in  t  ^  3  W"-y  RIM 

written  on  magnetic  tape  for  output  onTune  p?inte™bly  USting 

C.  Program  Characteristics 

which  are:  iniuIlKaUonPr?Serr jpt^servicfn1*  °*  several  functions 
magnetic  tape  operations,  punch  carS  innnJ  8’-  r6ading  arraf  data, 

anS  tel1  rUt’  ^  °Utput’  fulemetry  geS^orP?ei  ?PS  inpPt>  pap« 

and  teletypewriter  output  Initials-  ”  ?  ’  teletypewriter  input 

prior  to  receiving,  prSce^si^  ^  includes  a11  operations 

ata.  These  operations  involve  disah?inp°+hng- ^hG  seismic  array 

the  interrupt  flags:  setting  un  qif g  the  interrupts  and  clearing 

and  locati  ons  which  ;r!qui^egaUL^^addreSS  pointers>  counters,  ^ag? 

the  subarray  and  seiSeter  states  lnitial  Value;  a"d  ^tting1^’ 

.  )  ' 

the  various  deVices^iircause^nter^Spt'r^Wh  a"d  °Utput  on 

the  current  address  is  stored  in  location’*!  ?  ?"  ^  inte^rupt  occurs, 
to  location  1.  Locations  1  and  2  are  wt  ^  a*]d  contro1  is  passed 
to  transfer  control  to  interrupt  serviciL  P  ?Ui’ing  initialization 
consists  of  sensing  the  ihterrL  fil  f'  Interrupt  servicing 
determine  which  device  caSsIS  Te  Htlrr^V^3  d6Vi"s  * 

flags  are  sensed  determines  the  priotitt  Sf  '  thl  “l’11"  in  which  *1>® 

pnoiity  of  the  p  rticular  device. 


! 


When  +  he  device  has  been  serviced,  control  is  passed  back  to  the 
address  stored  in  location  0. 


Array  data  is  read  in  frames  of  31  word  groups  at  a 
rate  of  20  frames  per  second.  When  a  frame  of  data  is  ready  to 
be  read,  a  frame  sync  start  interrupt  occurs.  Servicing  of  the 
interrupt  provides  the  hardware  with  the  starting  memory  location 
for  reading  in  the  frame,  the  number  of  word  groups  to  be  read 
and  a  signal  to  start  reading  the  frame.  The  frames  are  read 
into  memory  through  a  double  buffering  technique,  two  frames  per 
buffer.  Double  buffering  involves  reading  into  one  buffer  while 
writing  (recording)  out  of  another  and  then  switching  their 
functions  when  the  read  and  write  are  complete.  The  proper  read 
and  write  sequence  is  maintained  by  manipulation  of  the  starting 
locations  of  the  frames  and  buffers. 


The  prinicpal  magnetic  tape  operation  is  the  recording 
of  the  array  data  in  the  high  rate  recording  mode.  Data  is  re¬ 
corded  in  records  of  two  data  frames  (0.1  second  of  data)  and  an 
occasional  trailer  field.  The  trailer  field  reflects  the  sub¬ 
array  and  seismometer  status  of  the  array  and  is  appended  to  the 
first  or  second  record  of  each  tape  and  to  each  record  which  covers 
a  period  in  which  a  status  change  occurs.  Paragraph  5.2.2  covers 
the  recording  format  of  the  array  data  tapes. 


The  records  are  constructed  in  memory  and  output  for 
writing  on  magnetic  tape  through  the  double  buffering  technique 
discussed  above.  Recording  commences  on  logical  unit  number  one 
and  switches  to  logical  unit  number  two  when  4800  records  are 
written  or  an  end-of-tape  is  sensed.  There-after,  recording  con- 
tinues  to  alternate  between  logical  units  one,  two,  and  three.  When 
each  tape  is  completed  an  end-of-file  is  written  on  the  tape  and 
it  is  rewound  and  unloaded.  Each  tape  will  contain  a  maximum  of 
eight  minutes  of  data. 


The  low-rate  tape  operation  is  the  recording  of  selected 
array  data.  Data  is  recorded  in  records  covering  a  period  of 
twelve  frames  (0.6  second  of  data).  Paragraph  5.2.2  covers  the 
recording  format  of  the  array  data  tapes.  The  records  are  con¬ 
structed  in  memory  and  output  for  writing  on  magnetic  tape  using 
the  double  buffering  technique  previously  discussed.  Recording 
commences  on  logical  unit  number  four  and  switches  to  logical 
unit  number  five  when  8000  records  are  written  or  an  end-of-tape 
is  sensed.  Thereafter,  recording  continues  to  alternate  between 
logical  units  four  and  five.  When  each  tape  is  completed  an  end- 
—  is  written  on  the  tape  and  it  is  rewound.  Each  tape  will 

contain  a  maximum  of  eighty  minutes  of  data. 

The  very-low-rate  tape  operation  is  the  recording  of 
selected  array  data.  The  record  is  constructed  in  memory  and 
written  on  magnetic  tape  in  groups  of  55  words  once  every  fifth 
frame.  A  record  is  completed  every  15  seconds.  Recording  is  done 
by  a  Kennedy  Incremental  Recorder.  Recording  continues  for  2400 
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records  or  until  operator  action  terminates  the  recording.  When 
each  tape  is  completed  three  end-of-files  are  written  on  the  tape 
and  a  fresh  tape  is  readied  for  further  recording.  Each  tape  will 
contain  approximately  10  hours  of  data. 

Punch  cards  may  be  used  during  the  operation  of  patch  pro¬ 
grams.  Interrupt  servicing  is  designed  to  handle  the  card  reader 
interrupts  leaving  the  reader  initialization  and  control  of  the 
card  data  to  the  Patch  overlay. 

Paper  tape  may  be  used  during  the  operation  of  the  System 
or  under  control  of  the  Patch  Overlay.  RIM  mode  tapes  are  used 
to  change  program  tables  for  selecting  various  data  words  for 
SOU  output,  and  to  load  Patch  overlays  for  additional  processing 
functions.  ASCII  code  may  be  used  for  input  under  control  of 
Patch  Overlays.  The  Patch  Overlay  controls  the  necessary  changes 
in  the  interrupt  answering  routine  to  process  the  ASCII  code.  Paper 
tape  output  is  in  the  format  of  ASCII  code  and  may  be  printed  out 
by  using  the  off-line  printer. 

The  Serial  Output  Unit  is  composed  .;f  31  analog  channels 
constructed  in  memory  through  the  double  buffering  technique.  Se¬ 
lection  of  word(s)  for  output  is  determined  by  the  particular  re¬ 
quirements  for  data  analysis. 

Telemetry  generation  is  under  program  control  when  the 
Auto-Manual  switch  located  on  the  MDC  is  set  to  Auto.  Selection 
of  bit  configurations  with  appropriate  IOT  commands  initializes 
telemetry  to  the  array  for  array  analysis. 

Teletypewriter  input  consists  of  control  words  which 
govern  the  initialization,  control,  and  termination,  of  the  func¬ 
tions  discussed  in  this  paragraph.  Teletypewriter  output  consists 
of  messages  which  are  generated  by  the  system  as  a  result  of  oper¬ 
ator  or  hardware  error,  operator  output  request,  or  changing  condi¬ 
tions  in  the  system  or  array. 

d.  Data  Base  Characteristics 

The  data  base  of  the  system  consists  of  array  input 
data,  teletypewriter  input  data,  and  internal  program  data.  The 
following  paragraphs  describe  the  particular  data  base  characteris¬ 
tics  . 


The  array  input  data  consists  of  short-period  seismic, 
long-period  seismic,  temperature,  wind  speed,  wind  direction,  and 
barometric  pressure  signals.  Array  input  data  is  .read  into  sequen¬ 
tial  memory  locations,  one  data  word  per  memory  location,  in  two's 
complement  binary  representation  with  odd  parity. 

Teletypewriter  input  data  is  read  into  a  memory  loca¬ 
tion,  one  eight  bit  ASCII  character,  right  justified.  The  four  high 


64 


order  bits  of  the  character  are  dropped  and  the  remaining  four 
bits  are  added  to  a  cleared  core  location  and  shifted  left  three 
bit  positions,  then  stored  back  in  the  memory  location  until  the 
next  character  is  entered  and  added  to  the  memory  location. 

This  continues  until  a  period  is  entered  and  at  that  time  a  com¬ 
pare  is  made  to  determine  the  action  the  program  is  to  take. 

Internal  program  data  is  the  fixed  data  which  is 
present  upon  program  loading  as  an  integral  part  of  the  program. 
Internal  program  data  is  in  the  form  of  tables  and  constants 
suitable  for  efficient  manipulation  by  the  program. 

Tables  are  collections  of  data  stored  in  sequential 
memory  locations  and  referenced  by  a  label  associated  with  the 
first  memory  location  of  the  particular  table.  Table  data  con¬ 
sist  of  relative  program  addresses  and  masks  (a  one  word  bit 
configuration  which  specifies  which  bits  of  another  word  are  to 
be  operated  on)  which  are  used  by  the  program  to  translate,  refer¬ 
ence,  or  store  other  data. 

Constants  may  be  relative  program  addresses,  masks, 
BCD  characters  or  numeric  binary  values.  Constants  may  be  manip¬ 
ulated  individually  or  in  groups  as  in  the  case  of  messages 
(packed  line  printer  ASCII  code  in  octal  form).  Constants  may 
or  may  not  have  as  associated  label,  or  several  constants  may  be 
associated  with  one  label. 

e.  Timing 

The  timing  sources  of  the  system  are  frame  sync  start 
interrupts  and  computer  clock  interrupts.  The  frame  sync  start 
interrupts  originate  from  an  external  source  viz.,  the  PLINS,  at 
regular  50  ms  intervals,  while  the  computer  clock  interrupts  occur 
at  program  controlled  intervals.  Two  frame  sync  start  interrupts 
and  one  clock  interrupt  constitute  the  timing  for  what  may  be 
termed  as  the  basic  computing  cycle  of  the  system. 

The  basic  computing  cycle  of  the  system  is  100  ms,  in 
which  two  frames  (even  and  odd)  of  array  data  are  read  into  memory 
and  the  write  of  one  data  record  is  initiated.  The  basic  computing 
cycle  begins  with  a  frame  sync  start  interrupt.  Approximately 
1.56  ms  after  the  frame  sync  start,  the  first  word  group  of  the 
even  frame  is  available  to  the  computer  in  the  PLINS  buffer.  The 
frame  sync  start  interrupt  is  serviced  and  the  even  frame  is  read 
into  memory  by  the  double  buffering  technique. 

The  second  frame  sync  start  interrupt  occurs  50  ms 
later.  The  interrupt  is  serviced  and  the  read  of  the  odd  frame 
into  memory  is  initiated.  In  addition,  the  clock  is  set  to  a 
predetermined  time  interval  and  enabled.  The  clock  interval  is 
set  to  allow  enough  time  for  the  odd  frame  to  be  read  into  the 
memory  before  initiating  the  data  record  write.  If  an  end-of-file 
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and  rewind  were  initiate  , 

previous  cycle,  the  “lilt  l°llT*l\lhesetT„  r??0rd  IiltP  •*  the 
f<x  their  completion.  When  the.  ^  s.  sf t  to  allow  additional  time 

ofKta^d  ^  ?heClSte 

eye  e.  The  system  computing  cycle  t 
f.  Storage  Allocation 

and  upper.  Each  bank^ontains^i'Q?1'  ha?!  tW°  memory  banks,  lower 
memory  banks  are  require? 18  bits  Per  wo^d  Both 
ware  limitations,  which  resLi^t  *1*/™  pr°gram‘  Because  of  harS- 
put  to  lower  memory  the  hardware  controlled  input  and  out 

input  and  output  double^  blutlinT°7  ^  ±S  USGd  primarily  for 
ions  located  in  lower  memory  are  those^Ln^3^  The  °nly  instruc- 
The  lower  memory  instructions  lit  ni?  SGd  in  Patch  Overlays, 
but  rather,  read  in  by  instructions  .  present  uP°n  program  loading 
lay  loading.  The  storage  allocation' It upp®r.memory  for  Patch  Cver- 
illustrated  in  Figure  5.2.  the  lower  memory  bank  is 

instructions  anf  i^nal^fr^eV03116?.  lnt°  UPP<~  ”>™ory.  The 
tions  of  the  system  are  present  constitut<=  the  various  func- 

mg.  The  storage  allocation  Sf  tSe  5SSS  mem0ry  Upon  Pr°Sram  load- 
m  Figure  5.3.  "  01  the  uPPer  memory  bank  is  illustrated 

g-  Special  Functions 

i)  Array  Monitoring; 

Sis  Of  array  status^nlTpCCf CrmaH^"^  de3ifned  for  on-line  analy- 
examination  of  word  31  frnm  a*  u  ■  1  The  monitor  function  is  an 
conditions,  glitch  errors,  and°si tC^del JGlGmetry  COmmands>  alarm 
teletypewriter.  deleted,  are  printed  out  on  the 

eral  conditions  and^eed™ u^the^aCC?"  ^  VaUlt  condition  are  gen- 
m  two  ways;  (1)  in  a  maCuaCh^dan^ls-  l^S  ca"  be  performed 
puter  mode  by  the  PDP-7 .  if  the  operation6 ■ M°C \ °r  (2)  in  a  com~ 

Cr  a°iP?rM°^  W°Uld  haVG  to  Vitiate  tleTC-M  Tol  m°de’ 

was  a  Vault  coadition  from  the  MDC  f°r/  power  condition 

.  ,seJ  for  computer  mode  the  PDP-7  monitor’  the  °Peration 

initiate  a  TC-53  and/or  TC-54  when  a  *  0l?ld  automatically 

!“  d®t«ted.  The  telemetry  ini tiated°isr«son./+r  Vault  c°"di‘i°n 

ite  or  sites  for  a  six  (6)  second  neriod  as*  tD  the  desiSaated 
the  condition  message.  nd  period  and  analyzed  to  output 
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i 


RECORD  NO.  2 


RECORD  NO.  4  -(end-of-tape) 


NOTES: 


A  -  SEQUENCE  AND  INlTlAfE  REAl 
B  -  INPUT  OT  DATA  FRAME  - HARD* 
C  WRITE  MAG  TAPE  RECORD  I 
D  -  W^ite  MAG  TAPE  RECORD  2 
E  -  WRITE  MAG  TAPE  RECORD  2  f 


OF  DATA  FRAME 
CONTROL  (DATA  BREAK) 

WHERE  N=  I- 4797 


Figure  5.1 


MOPS  II  Basic  Computi 


ng  Cycle  Timing 
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DECIMAL  OCTAL 
ADDRESS  ADDRESS 


0-19 

20-63 

64-1369 


0-23 

24-77 


LOWER  MEMORY  BANK 


LM  INTERRUPT  ANSWERING,  INDEX  REGISTERS 


100-2531  FMHED 


FRAME  1  EVEN 


ARRAY  DATA 


(719) 


(1317) 


FRAME  2  ODD 


ARRAY  DATA 


1370-1411  2532-2603  FMTAL 

1412-2717  2604-5235  FMHED  1 


FRAME  3  EVEN 
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PDP-7  will  initVatl  !  f  switch  is  m  the  "COMP"  position  the 

s'suk.-.sku  :h;rs.:: 

case  the  alarm  panel  on  the  HOC  shoullTfail?  'UP  feature  In 

K-iir.sss.jii:  ;i  “r 

P  eviousiy  deleted  and  are  currently  flagged  are  printed. 

time  of  a  status  report  PTtl-iTd(0r  Vault  condition  exists  at  the 

Sub-Conditions:  Power:  equalize  batteries 

inverter  failure 

low  battery  voltage 

battery  charger  voltage  high 

Vault:  temp 

water 

ii)  Patch  Overlays: 

wa« 

indicated  in  Table  XIX.PatCh  over^ays  now  available  at  the  LDC  are 


tt-1-)  Keyboard  Input  Priority; 

conclusion  of  the  message  printout  will  dale  and  all™  ihe 
ator  to  input  after  restoring  AC(0) .  11  the  oper‘ 
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TABLE  XIX 


MOPS  II  PATCH  OVERLAY  PROGRAMS  AVAILABLE  FOR  USE  ON  PDP-7 
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iv)  Magnetic  Tape  Header  Checks: 


+  +.  ,  ,  The  high— rate  and  low-rate  recording  are  nro- 

on  the  hLh  !!!  eI  0heHk  fe;ltur^  Thls  is  automatically  initiated 
flop  lgh  rate  recording  two  (2)  minutes  prior  to  a  tape  flip- 


ctatno  thon  -4.Thf  n.ext  sequential  unit  is  checked  for  a  ready 
tho4?®’  lh  write  lock.  The  next  check  is  to  determine  from 

If  thi1??  T  hr?er  that  the  tape  is  at  least  thirty  days  old. 
cordh'  til*' *  rec°rd  has  a  Parity  error  it  will  read  the  next  re- 
"HFATOR  S"  Up  tour  records  before  unloading  the  tape  with  a 
HEADER  ER  message.  If  the  tape  is  not  thirty  days  old  or  if  it 

"  ATTFNTTOiv^iR'MY”  Wr  ** /urnr*  ng  ’  the  taPe  is  unloaded  and  a  message 
ATTENTION  FMX"  or  "ATTENTION  SMX"  is  printed  with  a  warning  bell. 

I ima  1S  n°l  readied>  or  has  not  passed  the  header  check  by  the 

,  ®  current  tape  is  finished,  the  recording  function  will 

automatically  shut  off.  if  the  header  check  is  sa  on 

message  "HEADER  OK"  is  printed.  sansiactory  a 

"not  TTYDTDirnM  4-1,  If  af*er  receiving  a  message  "HEADER  ER"  or 
fo?TQo^IR??  ’  the  operator  determines  the  tape  may  have  been  used 
some  other  purpose,  he  may  then  use  whichever  command  is 
necessm y ,  CANFM  or  CANSM,  to  cancel  the  header  check  for  this  tape, 

nrior  tr.  „  The  next  sequential  tape  may  be  checked  manually 
P  e  program  check  by  using  the  command  CKFM  or  CKSM. 

v)  SOU  Output: 

thirtv  u  Vi  Th!  S°U  outPuts  a  computer-formatted  frame  of 
5^  ^!°  15-bit  words  on  a  serial  line  for  transferring  data  to 
g  tal-to-analog  converters  and/or  maintenance  consoles  for  dis- 
p  ay  purposes.  (Reference  8)  The  format  of  the  SOU  output  can  be 
leadiiy  changed  to  display  any  thirty  of  the  array  sensor  channels 
by  a  paper  tape  containing  the  uew  selections. 

vi)  Editing  Low  Rate  Tapes 

.  ,,  operation  of  the  Event  Detector  is  designed 

to  flag  the  first  word  of  the  header  in  a  low  rate  recording  with 
e  octal  value  055550  at  the  time  an  event  is  detected.  When 
rec°rdinf  is  completed  the  tape  is  rewound  to  load 
°p®rator  changing  the  tape  unit  logical  to  6,  and  having 

^dl4t  iape  °n  loglcal  7  types  in  EDITGO.  When  the  event  S 
flag  is  detected  on  a  record  the  tape  is  back-spaced  to  1  minute 
prior  to  the  event  and  the  event  time  is  printed  out  as:  EDIT 
DD-HHMM: SS . S .  At  this  time  the  operator  has  determined  if  it  is 

EDT?gi^tv  nr  f?1Se  alarm‘  If  it:  is  a  legitimate  event, 

rt?J?  1S  in  and  a  3  minute  time  period  is  duplicated  to  the 

daily  edit  tape.  if  it  is  a  false  alarm,  SKIP  is  typed  in  and  the 
tape  is  moved  forward  to  bypass  the  event  detected,  then  continues 
to  search  the  tape  for  any  other  detections.  At  the  conclusion  of 
e  low  rate  tape  being  edited  it  is  rewound  and  unloaded. 
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If  a  period  of  time  is  desired  to  be  duplicated  that  has 
not  been  flagged  by  the  event  detector,  the  AC  switches  may  be 
set  as  the  edit  is  started  and  when  reaching  that  time  will  process 
as  described  above. 

AC  switch  settings  are  as  follows  in  BCD: 


0  1 

2  3 

4  5  6 

7 

8  9  10 

11  12  13  14 

15  16  17 

DO 

NOT 

SET 

TENS 

OF 

HOURS 

UNITS 

OF 

HOURS 

TENS 

OF 

MINUTES 

UNITS 

OF 

MINUTES 

TENS 

OF 

SECONDS 

Section  5.2.3  shows  the  edit  tape  format. 

0.2.3  PDP-7  Recording  Formats 

The  PDP-7  system  recording  formats  include  (1)  LASAPS 
Fast  Mode  (High  Rate)  used  for  back-up  recording  support  of  the 
IBM  computers  at  SAAC  and  the  LDC  and  of  the  50  Kbaud  data  link, 
(2)  LASA  low-rate  used  for  the  recording  of  a  selected  number  of 
the  array's  seismographs  at  a  lower  recording  rate,  and  (3)  LASA 
very-low-rate  used  for  the  recording  of  a  selected  number  of  low- 
frequency  response  sensor  data  at  an  even  lower  recording  rate . 

The  high-rate  recording  format  which  records  all  the 
available  array  data  onto  eight  minute  PDP-7  seven  track  tapes  is 
described  in  reference  6  .  The  low-rate  (LR)  recording  format  is 
shown  in  Figure  5.4  and  at  the  present  time  is  configured  with  50 
short-period  data  channels  consisting  of  the  twenty-one  subarray 
analog  sum  words,  six  subarray  center  hole  30-dB  attenutated 
channels,  and  eighteen  selected  channels  from  the  F-ring  and 
E3  subarrays.  The  very-low-rate  (VLR)  recording  format  is  shown 
in  Figure  5.5  and  at  the  present  is  configured  with  all  51  of 
the  array’s  long-period  data  channels  and  four  meteorological 
data  words  from  subarray  AO.  The  composition  of  the  LR  and  VLR 
formats  is  flexible  and  changes  can  be  readily  incorporated. 

5 .3  Array  Equipment 

One  modification  of  the  array  equipment  is  presently  in 
progress,  viz.  SP  channel  CTH  Gain  Control,  P-82. 

5.3.1  SP  Channel  CTH  Gain  Control 

Installation  of  the  modification  to  provide  a  short- 
period  sensor  channel  gain  adjustment  in  the  CTH  (Ref.  7)  has  be¬ 
gun  with  installations  now  complete  at  six  subarrays.  These 
subarrays  are:  D2 ,  D3 ,  E2,  E4,  Fl  and  F4 .  Experience  to  date 
shows  that  each  modification  requires  approximately  eight  hours 
of  shop  preparation  and  two  hours  on-site  to  complete. 
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Figure  5.4  LASA  Low  Rate  Tape  Format 
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Header  Format: 


0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17 


Ikroeoeeoe 

M  ' - 


E  0 


€ 


— *  t 

E=1  Event 

Detected 
at  this  time 


K  =  0  no  trailer 
K  =  1  trailer  in  this  record 


R 


R 


l 


0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17 


Five 

Words 

0  0  0 

0  0  0  0 

0  0  0 

0  0  0  0 

0  0  0  0 

tens  units  tens  units  tenths 

of  of  of  of  of 

minutes  minutes  seconds  seconds  seconds 


hundreds  tens  units  w  tens  units  w 
of  of  of  <  of  of  % 
days  days  days  ^  hours  hours  ^ 


0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17 


=1  Low  Rate 
Format 

=0  previous 
record  OK 

=1  write 

error  in  pre¬ 
vious  record 


BCD  Coded 
Time  &  Date 


77 


TAPE  FORMAT: 
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Figure  5.5  LASA  Very  Low  Rate  Format 
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The  channel  outputs  from  the  standard  sinusoidal  cali¬ 
brations  have  been  adjusted  following  two  different  procedures 
in  an  attempt  to  determine  the  best  use  of  the  modification  in 
improving  the  SP  sensor  performance.  The  outputs  at  subarrays 
D2  and  D3  have  been  adjusted  by  the  CTH  gain  control  to  the  chan 
nel  nominal  level  while  the  outputs  at  the  other  subarrays  have 
been  set  to  the  value  recorded  just  previous  to  the  modification 
As  a  test ,  the  outputs  of  all  channels  will  be  reset  at  monthly 
intervals.  At  D2  and  D3  the  outputs  will  be  reset  to  nominal 
and  at  the  other  subarrays  the  outputs  will  be  set  to  limit  the 
drift  to  within  a  specified  range  over  a  definite  time  period. 
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SECTION  VI 


MAINTENANCE 


6 . 1  General 

Maintenance  activity  at  LASA  includes  correction  of  fail¬ 
ures,  preventive  maintenance,  modifications,  special  tests  re¬ 
quired  for  evaluations  or  quality  control  activities,  facility  and 
access  maintenance,  improvements,  and  vehicle  maintenance.  LASA 
maintenance  activity  is  divided  into  three  different  catagories; 

Data  Center  (LDC) ,  Maintenance  Center  (LMC) ,  and  Facilities  Support. 
The  LDC  in  Billings  covers  the  following  five  systems:  the  IBM  360/44 
computer,  the  DEC  PDP-7  computer,  LDC  Digital,  LDC  Analog,  and  LDC 
Test  and  Support.  The  LMC  located  in  Miles  City  maintains  all 
array  equipment  systems  which  are  comprised  of  SP  Sensor,  LP  Sensor, 
Meteorological,  SEM,  and  Power.  Facilities  Support  provides 
maintenance  of  buildings,  vehicles,  land  leases,  and  array  facili¬ 
ties  such  as  cable  trenches,  access  trails,  fences,  WHV  sites, 
and  CTH  sites . 

6.1.1  Philosophy 

During  the  June-August  period  the  weather  conditions  at 
the  Montana  LASA  permit  unrestricted  travel  to  all  subarray  and 
sensor  locations.  During  these  months  the  SP  sensor  rehabilitation 
and  installation  of  modifications  requiring  travel  to  the  sensor 
WHV  are  given  prime  attention.  Shop  work  at  the  LMC  is  limited 
to  preparing  RA-5  amplifiers  and  HS-10-1/A  seismometers  for  sensor 
replacements.  Other  LMC  work,  such  as  printed  circuit  card  re¬ 
pairs,  are  deferred  until  inclement  weather  makes  array  travel 
difficult . 


The  LDC  maintenance  program  for  all  quarterly  periods 
concentrates  on  timely  repair  of  failures  and  completion  of  all 
scheduled  preventive  maintenance  and  equipment  overhauls. 

6.1.2  Summary 

Array  maintenance  completed  by  LMC  included  SP  rehabili¬ 
tation  at  six  subarrays,  repair  of  RA-5  amplifiers  and  HS-10-1A 
seismometers,  preventive  maintenance,  and  installation  of  modifi¬ 
cation  P-82  at  six  subarrays.  The  LDC  effort  centered  mainly  on 
the  PDP-7  system  and  preventive  maintenance.  The  DCASD  facility 
inspection  was  completed  at  both  LDC  and  LMC. 

Table  XX  summarizes  the  number  of  all  equipment  (LASA) 
and  facility  (Utility)  work  orders  completed  this  quarter.  The 
363  completed  work  orders  represented  494  separate  maintenance 
actions  by  technical  personnel.  The  number  and  type  of  operational 
equipment  failures  corrected  are  discussed  in  paragraph  4.3.  Work 
orders  are  used  to  document  all  LASA  maintenance  activities.  The 

Preceding  page  blank 
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TABLE  XX 

WORK  ORDER  SUMMARY 


JUNE  1972  -  AUGUST  1972 
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actual  time  or  complexity  required  for  a  task  is  not  indicated, 
but  the  summary  does  indicate  the  type  of  work  performed  and  the 
size  of  the  work  load.  The  backlog  buildup  of  B  and  C  type  work 
orders  is  expected  as  shop  work  is  deferred  until  winter  months. 

6 . 2  Data  Center 

6.2.1  System  360 

The  IBM  360/44  system  has  now  operated  six  months  with¬ 
out  any  failures.  All  of  the  scheduled  preventive  maintenance 
procedures  were  completed  and  no  discrepancies  were  noted. 

6-2.2  System  PDP-7 

The  majority  of  problems  in  this  system  remain  with  the 
TD-570  tape  units.  During  the  last  quarter  all  units  were  re¬ 
paired  utilizing  salvaged  parts.  The  largest  number  of  failures, 
24  out  of  35,  occurred  in  July  and  consisted  of  power  supply  and 
lamp  failure  problems.  Recent  failures  and  adjustments  have  in¬ 
dicated  more  mechanical  wear  and  may  require  additional  replace¬ 
ments  in  the  future.  When  repaired,  the  units  still  meet  all 
specifications . 

6.2.3  Other  LDC  Equipment 

The  Develocorder  units  are  starting  to  develop  leaks  and 
show  evidence  of  corrosion.  Both  units  were  overhauled  about 
eighteen  months  ago  and  will  be  dismantled  and  checked  again  in 
the  very  near  future.  Deteriorated  parts  will  be  noted  and 
scheduled  for  replacement  on  a  shorter  cycle  to  prevent  machine 
failure . 

6 . 3  Maintenance  Center 

The  LMC  maintenance  efforts  are  divided  into  two  activi¬ 
ties:  array  tasks  and  shop  testing  and  repairs. 

6.3.1  Array  Activities 

All  scheduled  array  activities  were  completed  this 
quarter.  There  were  117  field  trips  covering  19,887  miles  for 

this  period  and  three  trips  were  made  to  the  PMEL  at  Great  Falls 
to  pick  up  and  deliver  test  equipment  for  calibration. 

The  SP  rehabilitation  program  was  completed  at  subarrays 
D1 ,  D3 ,  El,  E2 ,  F3 ,  and  F4  for  a  total  of  10  subarrays  of  the 
sixteen  planned  for  this  summer  season.  Replacement  and/or 
adjustment  was  made  for  thirty  RA-5  amplifiers  and  twenty-six 
HS-10-1A  seismometers.  The  seismometers  in  WHV's  El-36,  El-45, 
and  F4-51  were  high  in  natural  frequency  but  could  not  be  replaced. 
The  seismometers  are  operational  at  their  higher  natural  frequency 
but  are  stuck  in  the  hole. 


83 


ine  installation  schedule  for  modification  p-82  for  the 
six  subarrays  completed  this  quarter  was  as  follows; 

D2  -  8/18/72 
D3  -  8/8/72 
E2  -  8/25/72 
E4  -  8/22/72 
FI  -  8/23/72 
F4  -  8/24/72 


th  •  f  Table  XXI  reflects  the  SP  channel  status  as  of  August  31. 
?h  +unfo£matl0n  in  thls  table  summarizes  the  outstanding  conditions 
tn  the  SP  array  requiring  maintenance  attention.  This  information 
is  based  on  the  five  test  criteria  shown  in  the  column  headings. 

The  seismic  event  polarity  and  amplitudes  were  last  checked  utili¬ 
zing  an  event  that  occurred  at  0857;45.9  GMT  on  July  28,  1972  with 
no  discrepancies  noted.  A  total  of  82  unsatisfactory  test  results 
are  indicated,  a  decrease  of  23%  from  the  107  reported  last  quarter 


Lightning  damage  occurred  to  the  SEM  at  Cl  in  August.  A 
near  hit  resulted  in  repairable  damage  to  printed  circuit  cards  in 
the  Output ,  PDC  ,  and  ACC  drawers . 


6-3.2  Shoo  Activities 


The  repair  of  RA-5  amplifiers  and  HS-10-1A  seismometers 
i^3 4 S^PP°rt  °f  the  SP  rehabilitation  program,  and  modification  of 
PDC  drawers  and  printed  circuit  cards  for  modification  P-82  were 
the  main  shop  activities  for  this  quarter.  There  were  28  RA-5 
amplifiers  and  14  HS-10-1A  seismometers  repaired  and  tested. 

6 • 4  Facilities  Sunnort 


All  subarrays  have  been  inspected  for  damage  and  necessary 
land  repairs  have  been  started.  Major  repairs  completed  this 
quarter  arc; 


1.  B3  -  washed  out  culvert  replaced. 

2.  C3  -  culvert  replaced,  cattle  guard  and  several  bad 

crossings  repaired. 

3.  E3  -  washed  out  cable  trench  at  two  different  places 

and  several  creek  crossings  repaired. 

4.  F2  -  access  to  CTH  area  bladed. 

A  total  of  29  landowners  were  contacted  regarding  LASA 
operations  and  lease  agreements.  [On  August  17  a  drowning  calf 
was  rescued  from  a  stock  tank  near  subarray  E3 .  The  landowner 
was  contacted  and  he  was  very  grateful.] 
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SP  CHANNEL  STATUS,  31  AUGUST  1972 
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Oil  exploration  drilling  occurred  at  the  following  eight 
locations  in  the  array  area;  five  in  the  F2  area: 

1.  SE  SE  Sec.  17-9  N  43  E  2800'  approx.  3^  miles  from 
Sensor  75  Sub.  C3  Location. 

2.  NW  NW  Sec.  1-13  N  44  E  approx.  3  miles  from  Sensor 
71  Sub.  Cl  Location. 

3.  SW  SW  Sec.  4-2  N  49  E  5300'  approx.  6  miles  from 
Sensor  76  Sub  F2  Location. 

4.  SE  SE  Sec.  23-2  N  49  E  5300'  approx.  5  miles  from 
Sensor  76  Sub.  F2  Location. 

5.  SW  SW  Sec.  27-3  N  50  E  5300'  approx.  3  miles  from 
Sensor  81  Sub.  F2  Location,  plugged  and  abandoned, 

6.  NE  NW  Sec.  9-3  N  50  E  5300'  approx.  5|  miles  from 
Sensor  81  Sub.  F2  Location. 

7.  NE  NE  Sec.  33-3  N  50  E  approx.  2  miles  from  Sensor 
81,  Sub  F2  Location. 

8.  NE  NE  Sec.  9-11  N  38  E  3850'  less  than  1  mile  from 
Sensor  74  Sub.  E4  Location. 
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SECTION  VII 


ASSISTANCE  PROVIDED  TO  OTHER  AGENCIES 


7 . 1  Seismic  Data  Laboratory 


Develocorder  film  recordings  of  selected  SP  sensor  data 
are  made  for  SDL.  Each  film  covers  a  period  of  approximately  24 
hours;  film  change  is  made  at  about  2200  GMT.  Ninety-two  films 
with  the  format  described  in  reference  6  were  recorded  during 
this  period. 

7.2  Weather  Bureau 


The  Billings  Weather  Bureau  office  has  resumed  their 
request  for  periodic  weather  information  from  the  outputs  of  the 
array's  temperature,  wind  direction  and  speed,  barometric  pre- 
sure,  and  rainfall  sensors.  Three  times  each  day  a  complete  re¬ 
port  of  the  latest  available  data  are  provided  to  them  by  the 
LDC  operator . 

7.3  Visitors 


Visitors  to  the  Montana  LASA  during  the  2nd  and  3rd 
quarters  were: 

(a)  Capt .  John  Fergus,  VSC  made  an  inspection  tour  of 
LDC  on  May  15  -  19. 

(b)  Henry  Wopperer,  DCASE-Seattle  and  Darrell  Small 
performed  the  annual  government  property  survey 
during  May  30  -  June  8. 

(c)  Cmdr .  R.  Iverson,  DCASD-Seattle ,  toured  the  LDC 
on  August  30. 
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SECTION  VIII 

DOCUMENTATION  PROVIDED  UNDER  VT  2708 


8.1 


iod: 


8.2 


Technical  Repnrts/T.ettgrg 

The  following  reports  were  distributed  during  this  per 


(1) 

(2) 

(3) 

(4) 


Project  V/?A27n«°ndwUaoterly  Technical  Report 
Project  V/T  2708.  T/R  2056-72-21,  15  June  72 . 


"Operation  and  Maintenanc 
gress  Report”  -  June  1972 


e  of  LASA  Monthly  Pro- 
Report  No.  2056-72-22. 


"Operation  and  Maintenanc 
gress  Report”  -  July  1972 


e  of  LASA  Monthly  Pro- 
Report  No.  2056-72-23. 


''Type  II  Amplifier  Spurious  Response 
letter,  17  July  72. 


Testing” , 


Operations  Data 


Status  a„dTD^aei"tIrrupWonSLoa  Delective  Signal  Channel 

ations  Logs  .er/ffiS&S  ^Tel 


8.3 


Alternate  Management  Summary  Reports 


he  months  Jane,  July  and  August  1972. 


Preceding  page  blank 
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